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Executive Summary 


This study was conducted at the request of the Livingstone Landowners Group (LLG), which expressed concern 
about the consequences of large-scale surface mining of coal proposed in the headwaters of the Oldman River 
Watershed. These new proposed mines represent an abandonment of the Lougheed era coal policy that 
prohibited mining of coal in Category 2 lands of Alberta’s East Slopes. Although the range of LLG’s concerns is 
broad, their central focus for this project is on water quality (selenium), water quantity (supply/demand), and a 
threatened species (Westslope cutthroat trout) whose conservation depends on watershed integrity. 


To address these concerns, we used a simulation approach (integration of the Alces and Raven models) to explore 
the consequences of different levels of coal mining (no production, medium production (2 mines, ~5.875 MTA/yr), 
high production (8 mines, ~23.95 MTA/yr)) over a 5-decade period (2022-2072). A “low” coal scenario represented 
a future without any new coal mining in the ORW. The “medium” scenario examined the two coal mine projects 
(Grassy Mtn, Tent Mtn) that are most imminent and furthest along in their regulatory approval. The upper limit of 
the scenarios (“high” production) was limited to the 8 existing proposed coal mine projects that have acquired 
leases in the ORW, sought investor funding, and submitted details concerning project location, coal reserves, 
production, and lifespan. Because climate change is an important factor influencing water supply, we also 
examined the complicating effects of GHG-induced changes to climate and water supply/demand in the ORW. 


KEY LEARNINGS 
The Extent of Proposed Mines 


e If fully developed, the mines would produce ~700 million tonnes of coal over a 50 year horizon and this would 
create a mine disturbance of at least 9,400 ha (94 km). This area of disturbance and volume of coal 
production would be comparable to that experienced in the neighbouring Elk Valley to the east in British 
Columbia. 

e The 8 mines under planning consideration would involve the movement of more than 6 Billion m? of rock and 
ore, equivalent to 5.4 times the volume of the iconic Crowsnest Mountain. 

e = This would destroy or alter at least 3,200 ha (32 km?) of surface water and associated riparian habitat. 


Consequences of Mining 


Water Quantity 


e Water use by coal mines can be a substantial proportion of total flow in headwater streams. Coal mines’ 
demand for water is constant throughout the year. This is a small portion of total flow during spring freshet, 
but during low-flow periods of late summer and early winter, our simulations of coal mines suggest they may 
use more than 40% of mean flow in the headwater streams immediately downstream of the mines. 

e Coal companies could, in theory, mitigate this problem by storing water from the spring freshet for use during 
times of lower flow. But in doing so they would create a new problem, because many parts of the ecosystem 
are dependent on high springtime flows. 

e Stream flow is highly variable from year to year, so the impact of water demand from coal mines will be 
especially severe during drought years. Significant “low precipitation years” of one per decade are not 
unreasonable to expect based on historical data, and this frequency may increase. 

e Under all plausible climate change scenarios modelled, the annual patterns of stream flow will shift, with more 
water running off during late winter and spring freshet and less during late summer to early winter. Climate 
change scenarios indicate that the frequency and magnitude of drought years will increase. These factors will 
further exacerbate the stress of water use from coal mines on headwater streams. 

e Reduced in-stream flows because of coal mining will have direct and indirect impact on aquatic communities 
and ecosystem function. 

e At the level of the entire watershed, water is already fully allocated, and during drought years some junior 
rights holders may not receive their full allocation. Any additional water consumption by mining will 
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exacerbate this conflict and may result in additional water shortages. This problem is likely to worsen if, as 
most climate models predict, climate change increases frequency of droughts. 


Water Quality 


The ability of mining companies to prevent release of selenium from their operations is critically important to 
water quality within the watershed. According to our simulations, mines would have to prevent release of 95% 
of all selenium to meet all water quality standards in the upper reaches of the watershed, and even higher 
attenuation levels would be needed to prevent harm to the smallest streams nearest to the mines. Even as far 
downstream as Lethbridge, 90% attenuation levels would be required to meet standards for protection of 
aquatic life. We have been unable to find evidence that companies mining high-selenium coal deposits of 
this type can consistently achieve these attenuation levels at full operational scale. Any claims by mining 
companies that they can do so — not just in laboratory demonstrations, but at actual operational scale — 
must therefore be considered unproven and subject to the greatest skepticism. 

Selenium loads can be expected to be especially high during periods of low stream flow in late summer and 
early winter, when there is less water to dilute the constant discharge of selenium. 

Coal mines in the Elk Valley of BC, just across the border — which, importantly, are in the same geological 
formation as the proposed mines — have resulted in substantial selenium release and resulting toxicity to 
aquatic communities, reduced abundance of Westslope cutthroat trout (WSCT), and reduced drinking water 
quality. The onus must be on mining companies to prove beyond doubt that any new mines would not 
experience the same problems. 

Coal mines further north from the ORW, in the McLeod River drainage, have similarly led to release of 
selenium and other pollutants such as sodium, aluminum, calcite, and nitrate, many of which exceed 
government safety guidelines for some or all of aquatic habitat and irrigation use. 

Moving downstream, selenium concentrations are likely to decline as additional tributaries add to stream and 
river flow. However, even as far downstream as Lethbridge, our simulations suggest that attenuation levels of 
90% will be necessary 


y to meet regulatory guidelines for aquatic life. 

Effects of moderately elevated levels of selenium on humans and other organisms are poorly understood, so 
even concentrations that meet current regulatory guidelines may have unrealized health effects. 

We have not modelled the effects of coal mining on sediment load to streams, but this requires attention. 


Landscape and Species at Risk 


The proposed mines are situated within some of the best remaining habitat for threatened Westslope 
Cutthroat Trout. Since mining activity will directly remove all or nearly all vegetation, streams, and fish habitat 
within the disturbance footprints, this will lead to the loss of ~3,200 ha of riparian habitat. In turn, this will 
cause a substantial reduction in amount and suitability of habitat for this species, and its population would be 
expected to decline significantly. This is, in fact, what has been observed in the neighbouring Elk Valley of 
southeast BC. Similar dynamics are likely to unfold for threatened bull trout populations, as well. 

The proposed mines are situated within lands classified by Govts of Alberta/Canada as “critical wildlife” 
habitat, especially as connectivity corridors for species at risk such as Grizzly bear, WSCT and bull trout. 

The proposed mines also threaten to interrupt existing connectivity of the entire Yellowstone-to-Yukon 
ecosystem, a connected series of protected areas and otherwise relatively pristine habitat stretching from 
Wyoming to the Yukon. The Crowsnest Pass region north of Highway 3 is one of the few parts of this entire 
corridor that lacks large tracts of formally protected habitat. Until now, this has not caused problems, because 
human land uses in this region have been relatively light, allowing the region to achieve much of its ecological 
potential. That would no longer be true if regional coal mining were to be developed within this corridor. 

The upper reaches of the ORW (as seen, for example, from Highway 22, the iconic Cowboy Trail) include some 
of the most spectacular vistas along the East Slopes. For 150 years, the ranching community of the upper ORW 
has maintained this landscape in its present condition. The proposed coal mines would consume what these 
families have worked so hard to conserve. 
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Habitat Reclamation 


Coal mines have no track record of reclaiming old mine sites to a level that fully restores previous ecological 
function. Reclamation often consists of re-sculpting topography and revegetating mine sites, which does not 
necessarily restore previous hydrology or habitat suitability. 

There is currently no technology to restore native high-elevation fescue grasslands, a significant habitat type 
within the footprint of the proposed mines. 

Coal mining companies, just like the oil and gas industry, have a troubled history of reclamation. As with 
orphan wells in the oil and gas industry, many old mines such as Grassy Mtn and Tent Mtn were left largely 
unreclaimed, often because companies sold off their assets and the new owners declared bankruptcy, leaving 
the government and public with the reclamation liability. Reclamation bonds posted by mining companies are 
typically inadequate to fund basic reclamation, let alone high-quality efforts. 

Our simulation estimates suggest that only about 25% of disturbed mine area in the ORW will be reclaimed by 
the end of the 50-year study period, leaving a substantial reclamation bill for the future. Under the medium- 
coal scenario, this future reclamation liability is projected at between ~$30 M and $210 M, while under the 
high-coal scenario, it is projected at between ~$175 M and $1.23 B. 


Climate Change and Carbon-Reduction Commitments 


Our simulations suggest that development of the proposed mines could contribute an additional 1,908 MT 
COze over the course of our 50-year timeframe, by conservative estimates. This is roughly equivalent to 7 
years of Alberta’s current total COze emissions. 

The magnitude of these emissions would greatly reduce the ability of Alberta and Canada as a whole to meet 
the CO2-reduction targets they have already committed to, let alone more stringent future commitments. 
The International Energy Agency (IEA) has developed a plausible scenario in which existing sources of 
metallurgical coal would be sufficient to meet global needs through 2050. There could thus be no short-term 
need for development of the proposed mines — they are not essential for continued global steel 
production. 

Newer steel-making technologies, some of which are already coming into use, should further reduce the need 
for metallurgical coal. The proposed mines thus are not essential, and are likely to become obsolete within 
their working lifetime. 


Decision-Making Process 


The Alberta Land Use Framework of the Government of Alberta mandates that an exhaustive cumulative 
effects assessment is required before approving regional coal mining of the scale considered in this report. 
No such assessment has yet taken place for the ORW. Existing assessments of the mine proposals have not 
examined the full suite of land uses and natural disturbance regimes or the effect of the mines on the 
integrated natural ecosystem. They also have failed to include consultation with the full range of stakeholder 
groups, including landowners, First Nations, recreational users and others. This failure can be seen from the 
loud and surprised public outcry when mining plans were announced in 2020. Nor have existing assessments 
looked at the proper spatial and temporal scale that encompasses all proposed mines, rather than examining 
each project independently, as if it were the only one being considered. 

Existing assessments have not considered the effects of climate change on precipitation, stream flows, or 
water needs. With effects of climate change already being felt within the region, this is a critical omission. 
Existing assessments have not considered other economically important activities within the region, and the 
effect of the proposed mines on those activities. Notably, the tourism industry (which provides an economic 
return of more than $200M annually in the adjacent and comparable Kananaskis country) would likely be 
severely impaired by the presence of extensive surface mining. 

Until meaningful cumulative effects assessments have been conducted, neither mining companies nor 
regulatory bodies can claim to fully understand the consequences of the mines under consideration. 

For further discussion of deficiencies in the Government of Alberta decision making process, see the 
independent submission by Fitch et al. (2021) entitled Insights in coal development from five retired fish and 
wildlife biologists: submission to the Alberta Coal Policy Committee. 
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Recommendations 


Coal mining in the headwaters of the Oldman River Watershed should not proceed until robust answers to critical 
questions are provided and discussed broadly by the full stakeholder community. Specifically the Alberta 
government should not consider proposals for coal mining in Alberta’s East Slopes until it has commissioned, 
received, and understood studies of the following key areas: 


Rigorous cost/benefit analyses that incorporate a full suite of natural capital attributes, including water. 

A full regional cumulative effects assessment involving all land uses and natural disturbances in the ORW. 
A careful examination of water supply and demand dynamics through the lens of climate change. 
Quantification of background selenium levels in water and food chains of wildlife and livestock species. 
Comprehensive assessment of projected airborne emissions associated with coal projects. 

Improved physiological understanding of how selenium and other elements affect invertebrate, vertebrate, 
and human health. 

Assessment of the long-term economic viability and social consequences of coking coal if the steel sector 
moves toward other energy sources. 


Caveats 


Because of scheduling and budget constraints, the approach and focus of our research (both the technical report 
and the summary report) was strategic in spatial and temporal scale and systems complexity. Whereas we believe 
that our findings are robust at the scales we have explored, and at the level of watershed system dis-aggregation 
we have examined, it would be highly advisable for the Government of Alberta, industry, and academic institutions 
to explore these dynamics with other complementary approaches, particularly those that adopt a less aggregative 
approach to spatial scales and systems complexity. Such additional research is likely to reveal patterns that 
support or challenge our findings, and help society better understand the magnitude of risk posed by expansive 
surface coal mining in Alberta’s East Slopes. Whereas this project focuses primarily on the interface between 
proposed coal mining and water, both the report authors and LLG recognize that all land uses in the ORW affect 
water quality and quantity. Addressing existing issues of water quality and quantity in the ORW will require 
decades of innovative land use practices. Adding additional stresses to an already challenged watershed, by 
placing large coal mines in headwater basins, would only complicate this challenge further. 
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Figure 12. Spatial variation in elevation of the ORW drives regional differences in precipitation and temperature. 
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Figure 13. Spatial variation in aspect of the ORW affects solar input and plant community composition. Source: 

Alces Online. ..........ccccccccsccssccascsccsecsacnacssncsecsacsacsecesecaacnacseneseeaacsacsaceseraacsacsenesenaacsacseceaesascsacseoeacsascsacseouacsasssacseouses 29 


Figure 14. The macro-plumbing of the ORW is one where water is stored in the East Slope mountains as snowpack 
in the winter, and melts and runs off in spring and early summer. Much of the meltwater is stored in soils, 
organic deposits or as groundwater in deeper deposits. This meltwater flowing downstream in creeks and 
rivers is stored in a network of reservoirs, and a portion of the annual meltwater is delivered by canals to 


downstream agricultural USerS. ..........cccccsseccccssecccceeseccsecccseuscccsauecesaueeceseecessueeeesaueeesseueceseaeseeseuesessaueeesseeessaeeess 30 
Figure 15. Average annual ambient temperature of the ORW. Source: Alces Online. ............cccccsssseseeeeeeeeseaeeseeeeeeeenes 31 
Figure 16. Average annual precipitation (mm) of the ORW. Source: Alces Online. .........ssssssnneneneesesssssssssssrererrreeessssso 31 


Figure 17. This map illustrates the location of the Oldman River Watershed within the South Saskatchewan 
Watershed. Source: 
https://www1.agric.gov.ab.ca/SDepartment/deptdocs.nsf/all/irr13053/SFILE/ssrb_main_report.pdf............ 33 

Figure 18. Annual Historical and Naturalized flow volume of the ORW near Lethbridge, Alberta. Source: 
https://www1.agric.gov.ab.ca/SDepartment/deptdocs.nsf/all/irr13053/SFILE/ssrb_main_report.pdf. 
Naturalized flow values estimate the water flow in the absence of extractive human land uses. Historical 
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records reflect the actual measured flow volumes and hence incorporate the effects of land uses and their 
water extractions. Note frequently occurring drought years where flow is less % Of average... 33 
Figure 19. Naturalized and recorded monthly flow of the Oldman River near its mouth (1992 — 2001). Source: 
https://www1.agric.gov.ab.ca/SDepartment/deptdocs.nsf/all/irr13053/SFILE/ssrb_main_report.pdf. The 
difference between the natural (blue) and recorded (red) flow generally reflects net water extraction in the 
DOS UI eecssateeeteae aa tacianad cated Ge caautaccaestea an aesaane ives E 34 
Figure 20. The contributions of sub-watersheds to streamflow (1971-2000) in the Oldman River Watershed. 
Source: Stefan Kienzle; presented in the State of the Oldman River Watershed; Oldman Watershed Council. 34 
Figure 21. The aquatic invertebrate community, exemplified above with a mayfly, are highly sensitive to coal 
emissions such as selenium. The innumerable invertebrate species that comprise the benthos community are 
critical for many aspect of stream ecology and water quality, and are an important food source for such 
endangered species as WSCT. Photo Credit: Bob Costa. ...........ccccccsssccccsssecceeeecceeecccesccseaeseeseuscessanseessaesesseeeees 36 
Figure 22. Westslope cutthroat trout are a popular game fish in the ORW, whose distribution, habitat and 
populations has been significantly reduced during the past several decades. Source: CPAWS, Southern 
Alberta. The image on the right shows a rainbow trout with a missing gill plate. Photo Credit: Bob Costa. .....37 
Figure 23. Historical (left) and current (right) distribution of Westslope cutthroat trout in the Bow and Oldman 
River drainages, southern Alberta. Source: https://open.alberta.ca/dataset/c9ab0297-c99a-4478-b9e5- 
ff8d7b9d2c03/resource/ab4527e8-0643-47ec-842a-efd79a6221b5/download/6246341-2013-alberta- 
Westslope-cutthroat-trout-recovery-plan.pdf.........cccccccssscccccsssseccccsesseccesseeseceesseueeceesaueeeceesseaeeeesseeaeeeesaeaeeeessaaes 38 
Figure 24. Comparison of critical WSCT watersheds in the Upper Oldman River watershed identified by the WSCT 
recovery plan (left) and the distribution of the prospective coal mines found in the headwaters of the ORW 
(right). Note that most of the proposed mine sites overlap with headwater streams critical to remaining 
populations oT VV SC Teresari re cares E AEE E E E 38 
Figure 25. Environmentally significant areas of provincial, national and international significance in the ORW. 
Source: Oldman Watershed Council. The generalized distribution of existing coal leases in Category 2 north of 
the Crowsnest Pass is illustrated with black boundary and light white translucent shading. These coal leases 
occur in areas defined as “environmentally significant” at a National scale. ...........esessennssseeesssseensssreresserrrssseeee 39 
Figure 26. Spatial variation in watershed integrity that incorporates precipitation, natural areas, and linear 
features. Green colors reflect high watershed integrity and red values reflect low integrity values. The 
location of prospective headwater coal mines shown as light green polygons with black borders. Source: Alces 
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Figure 27. Left. Relative fraction of "natural landscape types" in the ORW. Watersheds that are dark green have 
highest levels of natural areas and those that are red or clear have low levels of natural landscape types. Also 
included are existing coal agreements (shown in red hatches). The lower portions of the ORW do not visualize 


as sub-watersheds as they do not contribute net flow of water. ...........ccccccessecccesecccceseceeeuscceeeeeceeeusecesenecetsenecets 40 
Figure 28. Domestic water consumption is the highest priority in the ORW and is expected to nearly double in the 
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Figure 29. In comparison to other regions in Alberta, the major communities of the ORW currently enjoy relatively 
low water purchase costs. This reflects the high quality of drinking water currently provided by the source 
waters in the upper reaches of the basin. Any reduction in water quality (nutrients, sediments, heavy metals, 
Se, would be expected to increase these costs. Source: 
https://banff.ca/DocumentCenter/View/4696/Benchmarking-Water-Report?bidld=. ...........cccecceeeeeeeesssseeeeeees 42 

Figure 30. The distribution of the human population (2016) in urban and rural settings. Source: Alces Online and 
Statistics Canada. This population, and the different land uses that support it, are dependent on large 


quantities of high quality water that is sourced from the headwaters of the ORW...............:ssececssseceeeseeeeeeeeeees 43 
Figure 31. First Nation Reserves within the ORW. Source: Alces Online and ABMI 2019. .............ceecceccsssseeeeeeeeeeeeeens 44 
Figure 32. Irrigated cropping is one of several land uses on the Blood Reserve southwest of Lethbridge. Source: 

PVC SS ODUN aNd Pa WN 2919: seuen naa at cede nid attire vhceatdeeaserea he E E E DRE 44 
Figure 33. Total croplands (1,046000 ha) within the ORW. Source: Alces Online and ABMI 2019. .............cseseeeeeeeeees 45 
Figure 34. Irrigation Districts of the ORW, showing major river systems. Source: Alces Online. .............:sesccceeeeeeeeeees 45 
Figure 35. Generalized spatial distribution of cattle in the ORW. Source: Alces Online. ..........ccccccsesseccceesseeeeeeeeeeeeeees 46 
Figure 36. Pasturelands (~77,773 ha) within the ORW. Source: Alces Online and ABMI 2019. ...............ceseecceeeeeeeeeees 46 
Figure 37. Livestock feedlots within the ORW. Source: Alces Online and ABMI 2019. ............ccccccsssssececeeeeeeeeeeeeeeeeees 47 
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Figure 38. Crown Grazing Permits, ORW. Source: Alces Online. .......... cece cesssccccceesseceeeeeseceecsaeeecceeseeeeeeessaaaeeeesenaaeeeeees 47 
Figure 39. Current Protected Areas Network of the ORW. Source: Alces Online. There exists a continuous network 
of protected areas in the headwater of the ORW south of the Crowsnest Pass. This “designated” protected 
areas network is interrupted north of the Pass. Historically, the natural state of these headwater basins 
ensured connectivity, but this ecosystem service would be eroded by any large industrial activity. ................ 48 
Figure 40. A map (left) prepared by Y2Y (Yellowstone to Yukon) illustrating the geographic extent of their 
conservation initiative and the distribution of protected lands and conservation lands in the Y2Y corridor. 
Areas that are pinkish represent lands protected as of 2014 and those that are yellowish/orange-ish are those 
that existed in 1993. The map on the right highlights southwest Alberta and southeast BC. Note the absence 
of designated conservation and protected area in the headwaters of the ORW north of the Crowsnest Pass 
(Oval with red boundary). This region has provided high spatial continuity to ecosystem dynamics in the past 
because of the relative absence of intensive land use. This functionality would be lost in the event of a large 
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Figure 41. Spatial variation in the use of water by all land uses. Source: Alces Online. ............ccccccsssseeeeeeeeeeeeeeeeeeeeees 50 
Figure 42. Example of a mid-sized stream flowing off the headwaters of the ORW. The quantity and quality of the 
water in these streams reflect the matrix of geology, land uses and natural plant communities from which 
they flow over and through. Photo Credit: Bob Costa. ..........cccccccsssseccccceseecceceeeeccccauseececsaueeeceesauaeceseuanseeessaaaeees 51 
Figure 43. Locations of three coal mines (Cheviot Mine, Luscar Mine, and Gregg River Mine) in the upper McLeod 
River watershed, and Alberta Environment and Parks' associated upstream and downstream water quality 
monitoring sites that were chosen to identify effects of the coal mine operations on downstream water 
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Figure 44. Ratio by which concentrations of water quality parameters increased, relative to upstream 
concentrations, in rivers or creeks downstream of three coal mines in west-central Alberta's McLeod River 
watershed (1998-2016 for Luscar and Gregg River mines; 2005-2016 for Cheviot Mine). All ratios are 
significant at the (P<0.05) level, unless where indicated by a star, coded by colour to match the three mines 
(one-sample Z-test for mean; two-tailed; compared to hypothesized population mean of 1.000 and a 
population variance of 0.250). Values for temperature, pH and dissolved oxygen (DO) from upstream to 


downstream reflect absolute changes, rather than ratioS...........cccccseccccssecccessccecesecceeeneceeescceseeecessesecessueceeseecees 55 
Figure 45. Comparison of selenium (Se) concentrations upstream and downstream of coal mines in west-central 
Alberta. Source: Alberta Environment and ParksS...........cc.csscccccssececcsseccceeccecesececeusececeueceeeeueceseuecessueeeeseecetsenecets 57 
Figure 46. Comparison of Nitrogen (N) concentrations upstream and downstream of coal mines in west-central 
Alberta. Source: Alberta Environment and ParksS...........ccccccsecccsscccssecceseccesecceenceceneceeeeceeescesenceseeeeseecesenceseeesaneess 59 
Figure 47. Comparison of chlorine (Cl) concentrations upstream and downstream of coal mines in west-central 
Alberta. Source: Alberta Environment and ParksS............cccccscccsscccssecceneceeececenceceneceeeceeeeceseeeseeeeeueceeencessneeeaneess 60 
Figure 48. Comparison of aluminum (Al) concentrations upstream and downstream of coal mines in west-central 
Alberta. Source: Alberta Environment and ParksS...........cccccscccccsseccccsseccceeececceececeusececsueceseeneceeseecessueeeeseeecetsenecets 61 
Figure 49. Comparison of sodium (Na) concentrations upstream and downstream of coal mines in west-central 
Alberta. Source: Alberta Environment and ParkS...........cccccscccccsseccccssecccesececceececeuseceeeuscceeeuecessuecesseeeesenecetsenecets 63 


Figure 50. Differences in sodium adsorption ratio (SAR) in paired samples from upstream and downstream of coal 
mines in west-central Alberta, as an indicator of suitability for use in irrigation [Safe < 5; 5<Possibly Safe<10; 
10<Hazardous]. Source: Alberta Environment and Parks. ...........cccccceecccsecccesecsceeceeeececenseeeseseueseeeuseeeuseeeneseenesenes 64 

Figure 51. Differences in conductivity in paired samples from upstream and downstream of coal mines in west- 
central Alberta, as an indicator of suitability for use in irrigation [Safe < 1000; 1000<Possibly Safe<2000]. 
Source: Alberta Environment and ParkS. .........cccccessccccsseccccseccceeccccesececeeeececeueceeseeceeeueceseueceesenecesseeeeeeenecetseneeets 65 

Figure 52. Changes in water quality for irrigation purposes downstream of coal mines in the upper McLeod River 
watershed: A) percent of samples that are "safe" (<1,000 uS/ cm) and "possibly safe" (1000 uS/cm<x<2000 
uS/cm), based on specific conduc3vity; and B) percent of samples that are "safe" (<5) and "possibly safe" 


(5<x<10), based on sodium adsorption ratio (SAR)...........ccsccccccssseccceccsseecceceeseeceeseueeceseeeeeeceseeueeecesseeeeecessageeeeees 66 
Figure 53. Band of rams on reclaimed habitat of Cadomin Coal Mine. Photo Source: 
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Figure 54. Left. Location of coal mine footprints in the Upper Macleod River watershed of west central Alberta. 
Source: Alces Online. Right. Satellite image of active and reclaimed portions of the Luscar coal mine. Source: 
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Figure 55. Comparison of selenium concentration in blood from bighorn sheep in locations with and without access 


to supplemented vegetation that is known to be high in selenium. ..............ccseecccceseeeccescecseeseeseeeseeseseessaeeeesees 71 
Figure 56. Identification of a safe operating space (0.06-0.30 ug/g) for selenium in western North America based on 
72 population of seven species. Source: Kneteman, 2016. ..........ccccccsssecccccesseccecceeseceeceeeseceeseueusecessueaeeeesseaeeeeees 71 
Figure 57. The Elkview coal mine near Sparwood, B.C. is pictured in Teck Resources Ltd. photo. This image illustrates 
the terracing that has occurred after overburden is removed by explosives. ..........::ccccccssseecceceeseeceesaeeeeessaeesees 72 


Figure 58. Changes in measured nitrate concentrations (mg N/liter) in West Line Creek (WLC) following the 
construction of the Line Creek Coal Mine. Source: Teck Coal, 
https://mail.google.com/mail/u/0/#inbox/KtbxLxghjzhTGcVrlBvXCIVxUgKJItXlq?projector=1&messagePartld= 


Figure 59. Temporal comparison of net coal mining (taking reclamation into account) and gross coal mining 
footprint area in the Elk Valley. Source: https://www2.gov.bc.ca/assets/gov/environment/natural-resource- 
stewardship/cumulative-effects/draft_elk_valley_ceam_12122018.pdf. The difference between the gross 
mining area (red line) and the net mining area (blue line) reflects the ~25% of mining area that was reclaimed 
after SO years OT MINNE aves ccescacancdasnnevesavsentacdsessenecseusialeswasvecsanveieansnosaesuaselels invasive beaueansosaaaveesda veneiabexsvaroseeseniedse 74 

Figure 60. Mountain biking is one of many different back-country and front-country forms of recreation and 
tourism. Source: To 
DoCanada;https://www.google.com/search?q=tourism+crowsnest+pass&rlz=1CSCHFA_enAU840AU840&sxsr 
f=ALeKkO3yaua_zLGU4aciP3AL2Yn8JEZGBA:1623295658189&source=Inms&tbm=isch&sa=X&ved=2ahUKEwi 


M-cjlj4zxAh UJ-Z4KHV1XBKcQ_ AUOAXoECAEQAW&biw=2097&bih=1231#imgrc=JLX_W-O1CuwztM............... 75 
Figure 61. Historical global consumption of coal. Source: https://euracoal.files.wordpress.com/2014/09/ciae2013- 
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Figure 62. World traded coal flows in 2015 (VDkKi, 2016). Source: https://euracoal.eu/coal/international- 
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Figure 63. Coal mining capacity under development (MTA). Source: Global Coal Mine Tracker. 
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Figure 64. Profile of coal mining in Elk Valley. Source: 
http://cmscontent.nrs.gov.bc.ca/geoscience/PublicationCatalogue/InformationCircular/BCGS_1C2018-06.pdf 


Figure 65. (Upper) Coal mine area in the Elk Valley during (left to right) for 1950, current, and Reference, 
Minimum, and Maximum scenarios in 2065. (Bottom) Temporal comparison of net coal mining (taking 
reclamation into account) and gross coal mining footprint area in the Elk Valley. Source: 
https://www2.gov.bc.ca/assets/gov/environment/natural-resource-stewardship/cumulative- 
effects/draft_elk_valley_ceam_12122018.pdf. The difference between the gross mining area (red line) and 
the net mining area (blue line) reflects the ~25% of mining area that was reclaimed after 50 years of mining. 
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Figure 66. Boundaries of coal mine leases (exterior polygons) and surface activities (interior polygons) in the 
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Figure 67. The ultimate cumulative footprint of the medium coal growth scenario that includes only the Grassy 

Mtn and Tent Mtn coal project Proposals. ............cccsseccccsssccccsecccseeeccseecccseuececeaescessaesecseueeesseeeessaeeesseueeesseneeesees 90 


Figure 68. Extent of cumulative footprint area (2022) at start of Medium Growth simulation prior to the 
development of prospective coal mines in the ORW. Footprints represents current coal mines of Grassy Mtn 
and Tent Mounta: ssiesseatacsssacedcctbeciarasivcedcetousciativnedacteualaseinibeiecuaencewasszeleceeendaewssdelueubuatesesisesatsuerrdeustacoetnsoenaees 90 
Figure 69. Extent of cumulative footprint area (Yr 2032) at end of Decade 1 of the Medium Growth simulation of 
the development of prospective coal mines in the ORW. .....ss.sesssssnssssserssssrerosssrerssssrresssreressereressererosseerressreress 91 
Figure 70. Extent of cumulative footprint area (Yr 2042) at end of Decade 2 of the Medium Growth simulation of 
the development of prospective coal mines in the ORW. .............ssccccccssssecceceeseecccaesececseeeseceesaeaeeeesauaeecessaeaeses 91 
Figure 71 Extent of cumulative footprint area (Yr 2052-2072) at end of Decade 3-5 of the Medium Growth 
simulation of the development of prospective coal mines in the ORW. By the end of Decade 3, no further 
development is occurring on the MINE site................ssseenesssreresssrerssssrerossrrersssrrersssrrresseeeressereressreresssreressereresseree 92 
Figure 72. Simulated extent of cumulative footprint area (2022-2072) of prospective coal mines in the ORW. ....... 93 
Figure 73. Extent of cumulative footprint area (2022) at start of simulation prior to the development of prospective 
coal mines in the ORW. Footprints represents current coal mines of Grassy Mtn and Tent Mountain............. 93 
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Figure 74. Extent of cumulative footprint area (Yr 2032) at end of Decade 1 of the High Growth simulation of the 


development of prospective coal mines in the ORW............ccccsssssccccceseccceceeseceeeeeeeccessaeseceeseeaneeeeeseeaeceessaaaeeeeeas 94 
Figure 75. Extent of cumulative footprint area (Yr 2042) at end of Decade 2 of the High Growth simulation of the 
development of prospective coal mines in the ORW............ccccssssecccccessseccceeesecceeeeeeecesseeseeeessaenseeessaeaeeeessaaeeeeeas 94 
Figure 76. Extent of cumulative footprint area (Yr 2052) at end of Decade 3 of the High Growth simulation of the 
development of prospective coal mines in the ORW...........cccccssssecccceesecceeeeesecceeceeseceesseeeeecessaenseeeeseaeeeessuaeeeeeas 95 
Figure 77. Extent of cumulative footprint area (Yr 2062) at end of Decade 4 of the High Growth simulation of the 
development of prospective coal mines in the ORW............ccccssssecccccessecceeceesecceeseeeececseeeceesseeasecesseaeeeeesaaaeeeeees 96 
Figure 78. Extent of cumulative footprint area (Yr 2072) at end of Decade 5 of the High Growth simulation of the 
development of prospective coal mines in the ORW...........ccccccsssecccccessecececeeseeeeeceeseecessauseceeseaeaeeeessaeaeeeesseaaeeeeeas 96 
Figure 79. Annual (upper) and cumulative (lower) area of active coal mining under the Medium Growth Scenaro. 97 
Figure 80. Annual (upper) and cumulative area (lower) of coal mining under the High Growth Scenaro. eesse. 98 
Figure 81. Annual (upper) and cumulative (lower) production (tonne) of clean coal under the Medium Growth 
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Figure 82. Annual (upper) and cumulative production (tonne) of clean coal under the High Growth Scenario.......100 
Figure 83. Annual (upper) and cumulative (lower) production (tonne) of waste rock under the Medium Growth 


E IV Ale E E AA crane E A A A A ea ee ng eters miss oe A onto E nt bent eeae E E E E 101 
Figure 84. Annual (upper) and cumulative (lower) production (tonne) of waste rock under the High Growth 
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Figure 85. Crowsnest Mountain as a reference point for visualizing the volume of displaced coal and overburden 
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Figure 86. Annual (upper) and cumulative(lower) production (grams) of selenium (Se) under the Medium Growth 
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Figure 87. Annual (upper) and cumulative (lower) loading (grams) of selenium (Se) under the High Growth 
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Figure 88. Annual (upper) and cumulative (lower) gross water use by coal mines under the Medium Growth 
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Figure 89. Annual (upper) and cumulative (lower) net (consumptive) water use by coal mines under the Medium 
Growth Scenario: sesionarios oin AEA S E sarsentonenian 107 
Figure 90. Annual (upper) and cumulative (lower) gross water use by coal mines under the High Growth Scenario. 
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Figure 91. Annual (upper) and cumulative (lower) net water use by coal mines under the High Growth Scenario. 
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Figure 92. Annual (upper) and cumulative (lower) area (ha) of reclaimed mine site under the High Growth 
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Figure 93. Annual (upper) and cumulative (lower) area (ha) of reclaimed mine site under the High Growth Scenario. 
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Figure 94. Cumulative area disturbed (red) and area reclaimed (green) for the high growth coal scenario............ 112 
Figure 95. Annual (upper) and cumulative (lower) reclamtion costs ($) under the Medium Growth Scenario........ 113 
Figure 96. Annual (upper) and cumulative (lower) reclamation costs (S) under the High Growth Scenario. Based on 
medium reclamation cost estimate Of $100, O00O/ha.............eeeeceeeeeecccccccccseeeecccccccaeseeeecececccaauteeeeeceeaaaeeeeeeeeeeas 114 


Figure 97. Annual (upper) and cumulative (lower) total reclamation costs with variance estimates under the 
Medium Growth (only Grassy and Tent Mtn) Scenario. Mean values (orange) reflect average reclamation 
standards associated with $100,000/ha. Upper bounds reflect high reclamation standards of ~$175,000/ha 
and lower bounds reflect minimal reclamation standards of $25,000/ha. Note that only 25% of the disturbed 
area is reclaimed by year 50. ..........cceeccccsssecccessccccenscccaescccseeeeccceneeeseaeecessueceesaeeessaesesseuecessaseeseuecesseeeesaaeeeesaases 115 

Figure 98. Annual (upper) and cumulative (lower) total reclamation costs with variance estimates under the High 
Growth (all 8 mines) Scenario. Mean values (orange) reflects average reclamation standards associated with 
$100,000/ha. Upper bounds reflect high reclamation standards of ~$175,000/ha and lower bounds reflect 
minimal reclamation standards of $25,000/ha. Note that only 25% of the disturbed area is reclaimed by year 
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Figure 99. Annual GHG emissions in Alberta for 1990, 2005, and 2019, and in comparison, to other jurisdictions. 
Source: https://www.canada.ca/en/environment-climate-change/services/environmental- 
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Figure 100. Annual (upper) and cumulative (lower) CO2e emission (full life cycle) under the High Growth Scenario. 

M ET PE E fe eet acted Tee E tive a ease A T A heads roses eee E nae E E E T A oer aus 118 
Figure 101. Annual (upper) and cumulative (lower) CO2e emission (full life cycle) under the High Growth Scenario. 
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Figure 102. Examples of small and intermittent streams from the headwaters of the ORW in the vicinity of 
proposed coal mines. Photo Credit: Lorne Fitch. .............ccccccssscccesecceseceeececencecenceceeceeeecesenceseneeesueceeeeceeeneetenees 120 

Figure 103. Grassy Mountain prospective Mine Site showing the distribution of stream riparian buffers (50 m) from 
surface lotic features. Some riparian habitat is missing because of historic mining from legacy coal mining 
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Figure 104. Tent Mountain prospective mine site showing the distribution of stream riparian buffers (50 m) from 
lotic features. Some riparian habitat is missing because of historic mining from legacy coal mining activities. 
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Figure 105. Isolation South prospective mine site showing the distribution of stream riparian buffers (50 m) from 
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Figure 106. Elan South prospective mine site showing the distribution of stream riparian buffers (50 m) from lotic 
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Figure 107. 4-Stack prospective mine site showing the distribution of stream riparian buffers (50 m) from lotic 
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Figure 108. Chinook/Vicary prospective mine site showing distribution of stream riparian buffers (50 m) from lotic 
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Figure 109. Cabin Ridge prospective mine site showing the distribution of stream riparian buffers (50 m) from lotic 
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Historical Context to the Coal Issue 


The Request of the Livingstone Landowners Group (LLG) 


This project, and the report it has produced, was born out of concern about imminent coal surface mining in the 
headwaters of the Oldman River watershed (ORW). The Livingstone Landowners Group (LLG?; Figure 1) requested 
of the authors an independent assessment of the following key concerns: 


Will a coal mining land use trajectory in the headwaters of the Oldman River Basin contribute to: 
e Local and/or watershed-scale selenium toxicity? 
e Local and/or watershed-scale water supply/demand issues? 
e Local and/or watershed-scale landscape disturbance and fragmentation issues? 


e Local and/or watershed-scale changes in risk to threatened species (Westslope cutthroat trout)? 


The LLG also wanted insight into how answers to these questions might change in light of climate change 
projections and expected changes in existing historical land uses (human population, irrigation area, cattle 
population). Membership of LLG felt that the current regulatory process relating to Grassy Mountain Coal Mining 
Project, overseen by the Alberta Energy Regulator and the Government of Alberta, had not answered these 
questions adequately. 


The families who reside in these headwaters felt it critical that objective and scientifically-defensible messages be 
conveyed to each of the following audiences: 


e All community members up and down the East Slopes that may be directly affected by coal mining 

e Albertans in general to help them understand the important role the East Slopes play to water dynamics 
e The recently formed Coal Consultation Committee 

e The Governments of Canada and Alberta 


This report is written to be readable by the public in the ORW and more broadly in Alberta. More technical 
components of the report are included as appendices at the back of the report. Where possible, referenced 
organizations and programs are shown in highlighted hyperlinks to assist readers in locating additional online 
information. 


Livingstone 
NDOWNERS GROUI 





Figure 1. The Livingstone Landowners Group (LLG) have been an active stakeholder in all land use matters relating to watershed 
sustainability in Alberta’s southern East Slopes. 
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The Oldman River Watershed 


The Oldman River Watershed (ORW; Figure 2) of southwest Alberta is an iconic landscape whose headwaters have 
supported First Nation (Aputosi Pii Kani) peoples since the retreat of glaciers ~8,000 ybp?, provide exceptional 
natural capital to Albertans, yield significant volumes of high-quality water for downstream land uses (Figure 3), 
and serve as a premier destination for front and back-country recreation and tourism. 


Today, the ORW is home to 167,383 people’ (6.1 people/km7?) distributed across 22 urban municipalities, 11 rural 
municipalities, and 2 First Nation Reserves (Figure 2). During the past 3 decades, the population has been growing 
at an average annual rate of 2.1%. Within 5 decades, the population is expected to grow to 355,000. 


Throughout the past century, the low elevation and drier portions of the ORW have been increasingly transformed 
by a growing human population and overlapping land uses (cattle grazing, dryland crops, irrigation crops, mining, 
energy sector, residential, recreation). These burgeoning human populations and their land uses require adequate 
water quantity and quality to exist. With these expanding population and land use has come increasing recognition 
of the fragile balance between water supply and demand within this semi-arid watershed. In recognition of the 
scarcity of water, the Government of Alberta in 2006 “closed” the ORW (and the larger South Saskatchewan basin), 
to any additional net allocation of water”. This inter-generational discussion about the benefits (jobs, royalties, 
GDP) and liabilities of land use (reduced levels of water quality, water quantity, air quality, soil organics, landscape 
integrity) has led to community recognition that there is a very real limit to the sustainability of natural capital 
within the ORW and reinforced the need to carefully assess these trade-offs before additional land uses are 
permitted to occur. 
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Figure 2. Location of the Oldman River Watershed (ORW) in southwest Alberta (left) and the major settlements and 
municipalities within the ORW. 
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Figure 3. The headwater position of the Oldman River Watershed in the Saskatchewan River basin that provides water to southern 
Alberta, Southern Saskatchewan and Manitoba. Source: Oldman Watershed Council website. 
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The Issue of Water Supply, Water Quality, and Headwater Protection 


The critical importance of the ORW, and Alberta’s East Slopes in general, for provision of water quantity, water 
quality, and functioning foothill/mountain ecosystems, was first described by Euro-Canadians in 1911, when the 
Government of Canada established the Rocky Mountain Forest Reserve®. This resource management mandate was 
subsequently transferred from federal to provincial governments in the Natural Resources Transfer Act of 1930’, 
although the Government of Canada would remain active in management until after World War II®. The Eastern 
Rockies Forest Conservation Board’, comprised of both federal and provincial members, was established in 1947 to 
ensure that land uses in the region did not jeopardize the water supply of the Saskatchewan River, to which the 
ORW belongs. The Board was dissolved in 1973 and at that juncture management of the East Slopes was the sole 
responsibility of the provincial government?’’. The primacy of watershed protection was further enshrined by 
Premier Peter Lougheed’s 1976 Alberta Coal Policy, which prohibited coal exploration and extraction across large 
tracts of the East Slopes. Additional historical narrative of resource management in Alberta’s East Slopes, and its 
focus on water protection, is provided by Brownsey and Rayner (2009). The key documents that describe the 
historical emphasis on water integrity in the East Slopes are shown in Figure 4. 


Increasing scrutiny of the activities of land uses, and the status of the natural resources on which they depend, has 
been completed through numerous public engagement strategies in the ORW (Environment Conservation 
Authority (1974), Alberta Land Use Framework (2014)!*73, Southern Foothills Study (2015)**). Not-for-profit 
watershed organizations like the Oldman Watershed Council” exist to disseminate information and provide public 
discourse on the key function of these headwater basins. 


Previous research on water supply/demand and water quality on the ORW?° (Byrne et al., 2016) has reminded 
watershed residents of the longterm declining trends in both water quantity and quality. Increasingly, the 
residents of Alberta’s East Slopes have recognized that they must abandon historical land use ideologies best 
described as “everything, everywhere, all the time”. What used to be viewed as vast landscapes with sparse land 
use pressures is now recognized as a crowded landscape where land uses increasingly compete for progressively 
scarcer resources of water, air, carbon, wildlife, and land. 


The residents of the ORW are aware of the potential scarcity of future water resources and have expressed their 
concern that existing land uses should not be placed at risk by new headwater land uses that either affect the 
quality of water supply or have a significant water demand of their own’. It is for this reason that Albertans in 
general, and citizens of the ORW specifically, endorse the importance of expanded protection of the headwaters of 
the East Slopes?®. 


A key building block to the sustainability management strategy of the East Slopes is its Protected Area 
components???°1, A recent survey by social and research firm Leger, commissioned by CPAWS and LLG”?, 
indicated that ~76% of Albertans wish to see an expansion of protected areas in Alberta’s East Slopes. The same 
poll revealed that 66% of Albertans oppose new coal mining in the East Slopes. These views were largely consistent 
across various geographic, age, and income demographics. 





Clearly, Albertans recognize the inherent multi-generational value of these headwater systems (Figure 5) and the 
key role they play to downstream land uses (Figure 6) if protected areas and appropriate management practices 
are allowed to maintain their ecological function. The complex interaction between land use and watershed 
function, and the host of issues that challenge this delicate balance, are narrated in an LLG-sponsored video by 
landscape ecologist Kevin Van Tighem and watershed ecologist Lorne Fitch”. 
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Figure 4. Since the inception of the Province of Alberta, there have been several multi-stakeholder initiatives that have examined 
the issue of land use within Alberta’s East Slopes. Examples include the Natural Resources Transfer Act (1930; upper left), the 
Environmental Conservation Authority (1974; upper right), the 1984 Policy for Resources Management of the Eastern Slopes 
(lower left), and the 2014 South Saskatchewan Plan of the Alberta Land Use Management Framework. Each of these documents 
emphasize the critical importance of water and the need to maintain this critical resource. 
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Figure 5. The surface hydrology of the ORW is comprised of innumerable small (often intermittent) creeks that feed into streams, 
which in turn, feed into mainstem rivers whose flow provides water to thirsty downstream land uses. The red polygons represent 
standing water (including reservoirs) while yellow-ish lines illustrate the dendritic network of streams in the headwaters of the 
ORW. The green-ish polygons in the headwaters show the boundaries of the eight coal mines proposed for the ORW headwaters 
that were simulated as part of this project. 
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Figure 6. TOA grazing and TE cropping are important and historic land uses in the ORW. The viability of both land-use 
sectors depends on reliable access to water of good quality and quantity. 
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The Prospect of a Large Coal Mining Trajectory in the East Slopes 


Coal mining has a long history in Alberta. In 1976, however, the Alberta provincial government, under Premier 
Peter Lougheed, enacted a policy that prohibited coal mining in Category 2 lands in Alberta’s East Slopes. This ban 
came from their recognition that these lands were of critical hydrological importance as the source of the great 
majority of Alberta’s water resources. The policy recognized that the primary purpose of these headwater regions 
is to ensure critical watershed function for all downstream users. 


In May of 2020, the current government of Alberta rescinded this Lougheed era policy and opened up Category 2 
lands in the East Slopes to exploration and development of surface coal mining. Shortly thereafter, a series of 
industry-based articles emerged show casing capital investment interests from Australian corporations**”°, and 
promoting the economic benefits of this new resource extraction trajectory. 


This new policy decision of the Kenney administration also catalysed public outrage (albertaeasternslopes.ca) and 
much negative scientific and policy commentary (see Nikiforuk?®?”?8; Lorne Fitch??°°; Kevin Van Tighem?**"; David 
Luff??), engendered public information campaigns by environmental organizations (CPAWS**, AWA), the ranching 
(savethemountainrange*’) and First Nation communities (Niitsitapi Water Protectors)**, and encouraged well- 
known artists (Corb Lund?”?? and Amber Marshall??°) to express alarm to their social media followers. As a result 
of this public outcry, the Government nominally cancelled its short-lived new coal policy direction™ and launched a 
formal public consultation process”. 


Although the original Coal Policy has been “re-instated”, it was clear that its current wording still functionally 
encouraged a new chapter of coal licenses (Figure 9), exploration, and surface coal mining in Alberta’s East Slopes, 
including on those sensitive headwater landscapes classified as Category 2 (Figure 9). Following an online public 
questionnaire enlisting concerns by Albertans for coal mining in the East Slopes (March-April 2021) the 
Government of Alberta cancelled ongoing coal exploration licenses* in late April 2021 until the conclusion of a 
formal East Slopes coal consultation process”. 


Shortly after the revoking of the 1976 Alberta Foothills Coal policy in the spring of 2020, the Alberta general public 
became aware of the geographic extent and magnitude of surface coal mining interest by corporations from 
Australia and elsewhere. The general geographic extent of these proposals in the ORW headwaters is significant 
(Figure 9; right map). The central proponents for coal mining in the ORW are Riversdale Resources (Grassy 
Mountain project), Montem Resources (Tent Mountain project), the Atrum proposals (Isolation South, Elan South), 
Warburton’s Cabin Ridge project, and Montem’s northern proposals (Isola, 4-Stack, Chinook). It is these 8 
prospective coal mines that are the subject of this study (Figure 10). The combined area of leases associated with 
these mining proposals is 51,297 ha (512.9 km2;Table 1). Although the ownerships of leases, and the timing of 
project submissions and exploration licenses continues to evolve, there exists sufficient spatial and temporal 
information to build an “exploratory” simulation exercise to assess the benefits and liabilities of a surface coal 
mining trajectory in the ORW region. Selected summaries of these proposed coal mine projects are provided 
(Appendix B. Additional Details of Prospective Coal Mine Details). 











Figure 7. Recent policy changes by the Government of Alberta encourage surface mining for coal in Alberta's East Slopes. 
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Figure 9. Existing coal categories (left) and coal agreements (right; shown in green and blue grids) in the headwaters of the 
ORW. The dark orange region in the left map represents Category 2 coal lands. It is these lands that the prospective coal mines 
are projected to occur in. Source: Alces Online. 
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Table 1. Key summary values of eight prospective coal mines in the ORW that were explored in this study. 








Figure 10. Eight prospective coal mine projects in the headwaters of the Oldman River Watershed (green). This image also shows 
the visible boundary of direct footprint of existing coal mines in the Elk Valley of southeast BC. 
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Coal Geology 


The geological history of the coalfields in the Oldman River basin headwaters is described by Smith, Cameron, and 
Bustin**° of the Alberta Geological Survey“. These coal seams are part of the Jurassic-Cretaceous Mist Mountain 
Formation (Kootenay Group) which extends from the Elk Valley region of SE BC to the SW region of Alberta (Figure 
11). Smith et al. describe these seams as deposits with a broad coastal plain environment during the first of two 
major episodes of the Columbian Orogeny (Stott, 1984; Gibson, 1985a). The Mist Mountain Formation is 
comprised of inter-bedded deposits of coal, siltstone, mudstone and sandstone of up to 1,000 m thick. Coal seams 
are up to 18 m thick and change in rank from a south to north orientation. 


It is important to know that the geological properties of coal in the ORW are very similar to those coal seams 
mined in the Elk Valley of SE BC that have produced 830 Billion tonne since 1989*°. This provides confidence that 
coal exploration, extraction, processing, and translocation strategies will likely be very similar in the ORW if this 
coal land use receives regulatory approval. It also tells us that the types of technologies deployed to help mitigate 
air, land, and water issues will likely be similar in success or failure to those deployed by Teck Resources in the Elk 
Valley. 


Additional detail on local and regional geology pertaining to coal deposits is extracted from the Montem’s 
Competent Persons Report*? (Appendix E) that relates to coal projects in the headwaters of the Oldman River 
Watershed. 





Figure 11. Example of a coal seam in the headwaters of the ORW (left). Location of Mist Mountain formation coal seams (shown 
in green) in southeast BC and southwest Alberta. Modified from Figure e3.2 of AER’s 
https://static.ags.aer.ca/files/document/Atlas/chapter 33.pd 
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A Synopsis of Current Natural Capital of the Oldman River Watershed Headwaters 


To appreciate the potential effects of coal mining on the natural capital of the ORW (both water and biota), it is 
important to understand the basic physical and biotic elements of this watershed. The following summaries are 
intended to provide this context. 


Geography and Topography 


The study area represents the full extent of the Oldman River basin (26,470 km?) found within southwest Alberta 
(Figure 2); positioned between 50.68 - 49.00 N latitude and -114.63 and -111.75 W longitude. The study area spans 
an elevation range from 2,968 m a.s.l. at the continental divide to <800 m a.s.l. in the lower reaches of the basin 
(Figure 12). A map depicting aspect (Figure 13) for the ORW is shown as it has a major effect on the distribution of 
various plant communities. 





Figure 12. Spatial variation in elevation of the ORW drives regional differences in precipitation and temperature. Source: Alces 
Online. 





Figure 13. Spatial variation in aspect of the ORW affects solar input and plant community composition. Source: Alces Online. 
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Climate and Climate Change 


The central issue of this project is water (Figure 14), and hence it is important to understand current and future 
climatic patterns of the ORW. The climate of the ORW is driven by a combination of strong elevation gradient 
(Figure 12) and the basin’s position in the rain shadow of the main ranges of the Rocky Mountains to the west. 
Spatial variation in air temperature (Figure 15) and rainfall (Figure 16) are provided below. 


Average annual temperature is 3.89 °C, but with a strong seasonal pattern of warm summer and cold winter 
months. Average annual precipitation is 528.6 mm/yr with a strong positive elevational gradient (Figure 12). The 
highest elevation portions of the headwaters average 2,000 mm/yr, whereas much of the lower elevation portions 
receive less than 200 mm/year. Most precipitation falls in the winter months, where it is stored in the form of 
snowpack, and released as snowmelt during late spring and summer months as streamflow and aquifer recharge. 
Potential evaporation is negatively related to elevation and exceeds precipitation for most of the lower elevation 
portions of the basin. 





Figure 14. The macro-plumbing of the ORW is one where water is stored in the East Slope mountains as snowpack in the winter, 
and melts and runs off in spring and early summer. Much of the meltwater is stored in soils, organic deposits or as groundwater 
in deeper deposits. This meltwater flowing downstream in creeks and rivers is stored in a network of reservoirs, and a portion of 
the annual meltwater is delivered by canals to downstream agricultural users. 


Assessing Watershed Scale Consequences of Coal Mining in the Headwaters of the Oldman River Watershed 30 


fhaices a 3 e 4 


E Decadal Annual Average Temperature 2010s 
Ukiran Wilersbed 254731597 


Average 25673 


o~ 
em’ 
kai 
+ sài 
e.m’ 
rm 
- oa 
. am 





Figure 15. Average annual ambient temperature of the ORW. Source: Alces Online. 
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Figure 16. Average annual precipitation (mm) of the ORW. Source: Alces Online. 
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Hydrology, Sub-watersheds and Delivery of Irrigation Water 


Major sub-basins within the Oldman River basin (Figure 142, Appendix I) include (south to north) the St. Mary’s 
River, Waterton River, Crowsnest River, Upper Oldman River, Livingstone River, Willow Creek, and Little Bow River. 
These tributary rivers flow west to east, eventually join the Oldman River, and at its lower reaches, the basin drains 
into the South Saskatchewan River at the confluence of the Oldman and Bow rivers. The ORW was stratified into a 
smaller set of sub-watersheds (HUC10; Figure 143; Appendix I) to facilitate finer scale examination of hydrological 
processes. 


The annual “naturalized” discharge of the Oldman River basin averages 3.267 B m?/yr but historically varied 
between ~1.5-7.0 B m?/yr (Figure 18); ~61.5% of its average annual water flow is allocated for various land uses 
(primarily irrigation, livestock, municipal, recreation) within the ORW basin. During the past century, the flow and 
use of water has changed dramatically because of the area and intensity of land use in the lower portions of the 
ORW. The average flow of the ORW at the mouth of the basin is now “63% of the naturalized flow prior to the 
arrival of land uses in the late 1800s. During the past several decades, the recorded average annual flows of the 
Oldman River (at Lethbridge) are 2.06 B m?/yr with low flows of 0.282 B m?/yr being recorded historically. Actual 
use of allocated surface water is 34.1%°°. Irrigated agriculture consumes ~83% of total water used in the basin. The 
flow is highly seasonal (Figure 19) with highest flows occurring in May-July and lowest flows in October-March”®. 


The importance of the ORW headwater basins to total streamflow is well documented by the work of Dr. Stefan 
Kienzle (Figure 20)”. 


Historical records and assessments (Figure 18) indicate that southern Alberta and the Oldman basin periodically 
experiences extreme droughts (Sauchyn>?2 , Schindler and Donahue”, AMEC**), such as the one memorialized as 
the “Dirty 30s” from 1929 to early 1930s that caused a major loss in agricultural productivity. 


A network of dams, reservoirs and canals, and complex set of water allocation rules, collectively regulate and 
distribute water generated from the Oldman basin headwaters to various downstream water license holders 
(Figure 17). Reservoirs are filled each year during the spring freshet and subsequently release water to 
downstream license holders during the drier mid and late summer months. Net water flow of the Oldman River, 
which varies from 1.2 to 4.2 B m?/yr (Figure 18), provides a critical water source to the people and land-uses of 
southern Saskatchewan and southern Manitoba. Alberta is legally obligated to provide 50% of the annual flow of 
the ORW to its downstream neighbours. 


Readers wishing to better understand the data, methodology, and allocation rules used by the OSSK (Oldman and 
South Saskatchewan River Water Model) to regulate water flow in the ORW are directed to the following link: 
http://www.uleth.ca/research/node/432/. 
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Figure 17. This map illustrates the location of the Oldman River Watershed within the South Saskatchewan Watershed. Source: 
https://www1.agric.gov.ab.ca/SDepartment/deptdocs.nsf/all/irr13053/SFILE/ssrb_main _report. pdf. 
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Figure 18. Annual Historical and Naturalized flow volume of the ORW near Lethbridge, Alberta. Source: 


https://www1.agric.gov.ab.ca/SDepartment/deptdocs.nsf/all/irr13053/SFILE/ssrb_main_report.pdf. Naturalized flow values 


estimate the water flow in the absence of extractive human land uses. Historical records reflect the actual measured flow 
volumes and hence incorporate the effects of land uses and their water extractions. Note frequently occurring drought years 
where flow is less % of average. 
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Figure 19. Naturalized and recorded monthly flow of the Oldman River near its mouth (1992 — 2001). Source: 


https://www1.agric.gov.ab.ca/SDepartment/deptdocs.nsf/all/irr13053/SFILE/ssrb_main_report.pdf. The difference between 


the natural (blue) and recorded (red) flow generally reflects net water extraction in the basin. 


Percent Cortritaition 
EE -oo 
E ca. 
E o-o 
[) 2a0-so0 
E o-i 
E TRAT 
f'a] 500 
[> Lakes 
com 
Major A oads 
Pavers 


~—e Cenoeda | U5 Borde 


Be spum- ee ens srr SF 4 
m=ertee [ae ee ters A ~- 
err E E d a w 
grm -vy 


~ a er et: a R a e Me eee cet fc peer ee 
oe aM a te a tt! 6 0 tare eee tet tg bee oe 
ap OT fe pash § Be © emer te! were I de om fe 
etree wee eek p tie =i v aon re 
pae j +t eter © See he ao ar 


eg =e s+ weet arm y . 
"as © wae me Ste « 
we eae ees CO Oa oe 
-~s ee ee 
as oms: so = oe 
te «œ = peren ee ee 
— =] Aq Ma 
tie sam = ser 


er ee o eT +S -e 





Figure 20. The contributions of sub-watersheds to streamflow (1971-2000) in the Oldman River Watershed. Source: Stefan 
Kienzle; presented in the State of the Oldman River Watershed; Oldman Watershed Council». 
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A Long History of Recognizing the Primacy of Water 


The 2013 Alberta Land Stewardship Act?® (ALSA) recognizes the critical role that both natural capital and land use 
play to ensuring social, economic, and environmental sustainability for current and future generations of 
Albertans. This legislation, and the Alberta Land Use Framework?’ (ALUF) it spawned, also states that sustainable 
land use decisions must address the issue of landscape prioritization, meaning that planners must identify the key 
purpose of each landscape and ensure that those key purposes are not eroded by other secondary land-use goals. 
Repeatedly since the time (1930) that the Government of Canada transferred the resource rights”? from federal 
oversight to the Province of Alberta, numerous management initiatives have echoed the important role the East 
Slopes play for water quantity and quality, and the primacy of this natural capital function to the economic viability 
of downstream land uses and the integrity of ecosystems. 


Getting the Word Out - The Oldman Watershed Council 


The Oldman Watershed Council (https://oldmanwatershed.ca/), founded in 2005, is a not-for-profit organization 
whose mandate is to provide an independent voice for watershed management and health under the Province's 
Water For Life strategy. This organization has assembled a deep pool of information concerning the ORW, much of 
which is presented in their 2010 State of the Oldman Watershed reports. The key role of the ORW headwaters in 
maintaining water and ecosystem function is highlighted in a 2018 report commission by the Southern Alberta 
Land Trust (SALT). Collectively, these reports are essential reading to understanding the physical, cultural, and 
biotic context of this watershed as it sets the stage for examining potential implications of coal mining. Specific 
attention should be given the 2006 report of Byrne et al that describes historical changes in the ORW concerning 
both water quality and quantity. 


Past Assessments 


Numerous studies have been completed in the past two decades underscoring the critical natural capital of the 
ORW headwaters to a range of natural capital metrics. Recent research by the Alces Group (Milligan et al. 2020) 
and the Office of the Senior Scientist, Government of Alberta”? , both underscore the important natural capital 
metrics that occur within the ORW headwaters, and particularly those of the Livingstone FLUZ. 


Natural Landscapes 


The natural landscapes of the ORW comprise 47% (12,440 km?) of the watershed, with lower sub-basins often less 
than 20% natural and the headwater subbasins commonly greater than 85% natural landscape types. This contrast 
reflects the historical commitment and success that regional conservation initiatives and past provincial 
governments have had in conserving the natural capital of ORW headwater basins. 


Land Use Intensity 


Land uses exist across the entirety of ORW but the relative area and intensity declines as one moves further 
upstream in the ORW (Figure 27). A major landuse of the headwaters is cattle grazing (Figure 35, Figure 38). The 
ranching community of the East Slopes has been grazing cattle on deeded and crown properties for nearly 150 
years. Throughout this time, there has emerged an inter-generational understanding, and practical application, 
that sustainable grazing on Alberta’s foothills demands careful attention to all dynamics that connect cattle to 
water function. These principles and their applications are widely demonstrated in the “Cows and Fish” initiative®?. 


Water Volume and Quality 


The vast majority of the ORW water supply originates from headwater basins®t,®?. Similarly, the water quality of 
the headwater streams (Figure 42) of these upper sub-watersheds is comparatively high®. The significant 
downstream demand by land uses (municipal, irrigation, livestock, agro-food) for large quantities of high quality 
water is well documented”. 


Biodiversity 


Biodiversity, as exemplified by the mayfly (Figure 21), is a foundational property of ecosystem integrity. In general, 
the intrinsic capacity for biodiversity is positively related to how much variation in physical (climate, soils, 
topography) and biotic (plant communities, trophic interactions) features a region possesses, and negatively 
related to the density of human populations and intensity of their land use®. Unsurprisingly, the headwaters of the 
ORW support comparatively high biodiversity™, as it is characterized by high variation in physical and biotic 
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properties and relatively low levels of people and land use intensity®. The headwaters of the ORW have been 
recognized by biologists for several decades as providing critical habitat for innumerable species whose habitat 
elsewhere in Alberta has become reduced or fragmented by various overlapping land uses®. Examples of species 
that the Government of Alberta categorizes as “at risk, threatened, or endangered” provincially but still maintain 
populations within the ORW headwaters include grizzly bear, Westslope cutthroat trout, bull trout, harlequin duck, 
lake sturgeon, limber pine, long-billed curlew, long-toed salamander, leopard frog, prairie falcon, rocky mountain 
sculpin, Sprague’s pipit, western blue flag, western grebe, white-barked pine, ferruginous hawk, and bull trout®”. In 
addition to their existential value, the conservation of these species, and the habitat they depend on, contribute 
meaningfully to the eco-tourism sector that is growing in the ORW®. 


The extent to which the “at risk” species listed above persist in the ORW headwaters will be determined by how 
current and future land-uses alter the area, quality, and continuity of habitat and the physical properties of these 
regions. Of the species listed above, populations or habitat use of several high-profile species have been shown to 
be affected by coal mining activities in Alberta and the Elk Valley of BC. These include bighorn sheep®,”°, grizzly 


bear’)’*, and Westslope cutthroat trout’?”4”, 


Addressing Endangered Species 


Of the species currently listed as “threatened”, the Westslope cutthroat trout has been selected to highlight some 
of the concerns that additional industrial development in the ORW headwaters may cause. 
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Figure 21. The aquatic invertebrate community, exemplified above with a mayfly, are highly sensitive to coal emissions such as 
selenium. The innumerable invertebrate species that comprise the benthos community are critical for many aspect of stream 
ecology and water quality, and are an important food source for such endangered species as WSCT. Photo Credit: Bob Costa. 


Assessing Watershed Scale Consequences of Coal Mining in the Headwaters of the Oldman River Watershed 36 


Westslope Cutthroat Trout 

Westslope cutthroat trout (WSCT; Figure 22), the only subspecies of cutthroat trout native in Alberta and an 
important game fish, have occupied the ORW since glacial ice sheets retreated’®’’. Prior to 1900, WSCT were 
estimated to be distributed across most of the ORW headwater sub-basins’®. During the past several decades, 
land-use induced changes in water quality and quantity, habitat dis-continuity, introduction of exotic species, 
genetic introgression by non-native cutthroat trout subspecies, over-fishing, and climate change, have in 
combination led to a significant retraction in total distribution and abundance in the study area (Figure 23)”. 
Today, WSCT occupy <10% of their historical range, and were designated as “Threatened” by the Minister of 
Sustainable Resource Development in 2009 under Alberta’s Wildlife Act. 


In recent decades, WSCT have received considerable scientific attention as conservation agencies and 
organizations work to halt declines in populations and range and seek answers to how to reclaim and recover lost 
habitat and populations. The specific causes of habitat and population reductions are complex, multi-variate, differ 
geographically, and are the result of the cumulative effects of many factors®®. In Alberta, published research on 
WSCT began with R.B. Millert; recent research initiatives have been completed by Mayhood® and Cleator et al.®°, 
84’ In the Elk River drainages in southeast BC, WSCT are studied closely because of concern about selenium toxicity. 
These WSCT populations have experienced significant declines in abundance®, and elevated rates of 
morphological and reproductive impairment® caused by very high selenium concentrations in the Elk Valley 
system downstream of the Teck coal mines®. 


Canada’s Westslope cutthroat trout recovery plan identifies those headwater basins in the Upper Oldman 
watershed that are considered critical to conservation of remaining WSCT populations and habitat. The 
prospective coal mines are spatially overlapped with several of these “critical” watersheds including those of Daisy 
Creek, Spoon Creek, Many Stick Creek, Speer Creek, Honeymoon Creek, Isolation Creek, and South Hidden Creek 
(Figure 24). If these prospective mines do move forward, WSCT scientists are concerned that habitat loss and 
selenium toxicity will cause significant adverse effects and complicate conservation efforts of this threatened fish 
species. 








7 4 b 
Figure 22. Westslope cutthroat trout are a popular game fish in the ORW, whose distribution, habitat and populations has been 
significantly reduced during the past several decades. Source: CPAWS, Southern Alberta. The image on the right shows a 
rainbow trout with a missing gill plate. Photo Credit: Bob Costa. 
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Figure 23. Historical (left) and current (right) distribution of Westslope cutthroat trout in the Bow and Oldman River drainages, 
southern Alberta. Source: https://open.alberta.ca/dataset/c9ab0297-c99a-4478-b9e5-ff8d7b9d2c03/resource/ab4527e8-0643- 
47ec-842a-efd79a6221b5/download/6246341-2013-alberta-Westslope-cutthroat-trout-recovery-plan.pd 
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Figure 24. Comparison of critical WSCT watersheds in the Upper Oldman River watershed identified by the WSCT recovery plan 
(left) and the distribution of the prospective coal mines found in the headwaters of the ORW (right). Note that most of the 
proposed mine sites overlap with headwater streams critical to remaining populations of WSCT. 
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Landscape Integrity 


Much of the headwaters of the ORW has been designated as “environmentally significant areas” at regional, 
national and international scales®’. The headwaters of the ORW remain largely intact in terms of their area of 
natural plant communities (Figure 26, Figure 27), and currently have minimal levels of water demand — primarily 
those of grazing cattle on private lands and public lease lands. It is the combination of high levels of precipitation 
and natural plant communities, and low water demand, that contribute to the large volumes of high quality water 
that flow from these headwaters. In contrast, the lower elevations of the ORW are heavily transformed by various 
land uses (irrigated crops, non-irrigated crops, livestock infrastructure, residential; Figure 25) and have high levels 
of water demand. The network of downstream land uses are completely reliant on the water supplies 
(quality/quantity) of the headwaters, which in turn owe their existence to the climate and landscape integrity in 
the headwater basins. The 8 prospective coal mines are found within headwater sub-watersheds with the highest 
remaining integrity values (Figure 25). 





Figure 25. Environmentally significant areas of provincial, national and international significance in the ORW. Source: Oldman 
Watershed Council. The generalized distribution of existing coal leases in Category 2 north of the Crowsnest Pass is illustrated 
with black boundary and light white translucent shading. These coal leases occur in areas defined as “environmentally 
significant” at a National scale. 
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Figure 26. Spatial variation in watershed integrity that incorporates precipitation, natural areas, and linear features. Green 
colors reflect high watershed integrity and red values reflect low integrity values. The location of prospective headwater coal 
mines shown as light green polygons with black borders. Source: Alces Online. 


Natural Landscapes 200 
Chivas Wetenbed 26473150 
fetal 12.400.384 ten? 





Figure 27. Left. Relative fraction of "natural landscape types" in the ORW. Watersheds that are dark green have highest levels of 
natural areas and those that are red or clear have low levels of natural landscape types. Also included are existing coal 


agreements (shown in red hatches). The lower portions of the ORW do not visualize as sub-watersheds as they do not contribute 
net flow of water. 


Assessing Watershed Scale Consequences of Coal Mining in the Headwaters of the Oldman River Watershed 40 


Current Demand for Water in the ORW 


Land Uses and Water Demand 


To understand the concerns of ORW residents about water security in regard to coal mining in their headwater 
basins, one must appreciate where the ORW water comes from (see the Hydrology, Sub-watersheds and Delivery 
of Irrigation Water section) and historical®®, current, and projected demand for water from existing land-uses. 
Excellent overviews of the water dynamics (supply and demand) of the ORW are provided by the Oldman 
Watershed Council and summaries provided by South Saskatchewan River Basin in Alberta: Water Supply Study”. 
At the scale of the ORW basin, the average annual flow is 3.2 B m?/yr, the current allocation is ~2.0 B m?/yr and the 
actual use is ~1.3 B m?/yr?°. These “average” values are instructive, but it is the inter-annual variation in water flow 
that is critical. Whereas inter-annual variation in demand does not change drastically, the supply side (flow) can 
vary significantly depending on year-to-year variation in precipitation. According to the analyses completed by 
AMEC for the South Saskatchewan River Basin in Alberta: Water Supply Study the anticipated growth in area and 
water demand between 2006 and 2030 is significant for each of municipal, cattle, and the irrigation sectors. In 
sum, actual water use is expected to increase by a further 46% between 2006 and 2030. With each passing 
decade, water demand continues to increase, as does concerns about water supply scarcity. As shown by Chernos 
et al (2021), water supply for the ORW is likely to experience significant variation, including periods of significant 
drought. As ongoing climate change patterns increase the frequency and magnitude of droughts in the ORW, so 
will the intensity of water shortages and the need to rationalize an increasing water demand with a progressive 
decline in water availability. 


Quick Overview of Current Land Uses and their Water Requirements 


The current land use footprint within the 2.65 M ha ORW study area is 1.2 M ha, comprised of 1.05 M ha of crop, 
77,869 ha of pastureland, 32,592 ha of residential, 27,860 ha of transportation, 8,350 ha of feedlots, 3,783 ha of 
recreation, and 2,823 ha of industrial features (Alces Online, 2018). Each of these land uses owes its economic 
prosperity to adequate volumes of high quality water provided by the headwaters of this basin. A total of 29,700 
ha of reservoirs and delivery canals have been constructed in the ORW to provision water to land uses, primarily to 
the 318,463 ha of irrigated land. 
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Human Population and its Residences 


The current ORW (2022) population (Figure 30) is estimated at 238,000 residents (based on a 2006 population of 
207,000 that has grown at an annual rate of 0.8%/yr). Residents consume ~64.6 M m? of water annually (Figure 28) 
for a range of domestic needs (direct water consumption, washing, showers, lawn watering, ...). This averages 
about 0.742 m?/person/day”',?. Almost all drinking water for this population originates in the headwaters of the 
ORW. During the next 50 years, this population is expected to grow to 355,000 people whose domestic water 
demand will grow to ~96 M m?/yr. In comparison to other regions in Alberta, the ORW currently enjoys relatively 
low water treatment costs” (Figure 29). This reflects the high quality of surface water in the Oldman River 
provided by the upper reaches of the basin. Any reduction in water quality (from increasing concentrations of 
nutrients, sediments, heavy metals, Selenium) would be expected to increase these treatment costs significantly. 


The residential footprint (32,592 ha; 325.9 km?) of the ORW consists of cities, towns, First Nation Reserves (Figure 
31), hamlets, acreages and agricultural residences. Based on Alces historical backcast simulations, the residential 
footprint has been growing at a rate of 1.5-2.0%/yr (Alces Online). There are several dozen communities within the 
study area, with Lethbridge, Pincher Creek and Fort McLeod being the largest (Figure 2, Figure 31). 





Figure 28. Domestic water consumption is the highest priority in the ORW and is expected to nearly double in the next 50 years. 
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Figure 29. In comparison to other regions in Alberta, the major communities of the ORW currently enjoy relatively low water 
purchase costs. This reflects the high quality of drinking water currently provided by the source waters in the upper reaches of 
the basin. Any reduction in water quality (nutrients, sediments, heavy metals, Se, would be expected to increase these costs. 
Source: https://banff.ca/DocumentCenter/View/4696/Benchmarking-Water-Report?bidld=. 
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Figure 30. The distribution of the human population (2016) in urban and rural settings. Source: Alces Online and Statistics 
Canada. This population, and the different land uses that support it, are dependent on large quantities of high quality water that 
is sourced from the headwaters of the ORW. 
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First Nations 

The Oldman River Watershed is within Treaty 7 and represents the homelands for the Aputosi Pii'kani people of 
the Blackfoot Confederation™. The First Nation reserves (Figure 31) in the ORW include the Piikani Reserve (423.6 
km), the Peigan Timber Limit (29.6 km?), the Blood Reserve (1,391.5 km?), and the Blood Timber Limit (19.2 km’). 


Of the Reserves, the Piikani Reserve will be the most directly affected by coal mining as it is bisected by the 
Oldman River and is directly downstream from prospective coal mines examined in this report. Irrigated crops are 
an important land use in the Blood Reserve (Figure 32), and these crops depend on adequate water quality and 
quantity provided by the ORW headwaters. The history and importance of water rights to the First Nation peoples 
of Alberta is discussed by Passelac-Ross and Smith (2010)*°. 


fì aces 





Figure 31. First Nation Reserves within the ORW. Source: Alces Online and ABMI 2019. 





Figure 32. Irrigated cropping is one of several land uses on the Blood Reserve southwest of Lethbridge. Source: Alces Online and 
ABMI 2019. 
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Crops 

The total cropland mosaic of ORW (1,046,000 ha; 10,460 km?) consists of both irrigated (318,463 ha; 3,184.6 km? 
æ) and dryland (~727,537 ha) crops. For the past several decades, irrigated crops (Figure 33) have been the single 
largest consumer of surface water in the ORW — currently at a withdrawal rate of 979,157,000 m?/yr (net water 
use of 826,177,000 m?/yr®°. This region produces a diversity of crop types marketed locally, provincially, nationally, 
and internationally. To ensure a reliable water supply, a series of reservoirs (Figure 33) and connected canals have 
been constructed over the past century. Management of water supply and demand for irrigation purposes is 
administered by Irrigation Districts?” (Figure 34). Recent basin management plans emphasize the growth of the 
irrigation landbase and the future elevated water demands of this sector?®. As the frequency and magnitude of 
droughts caused by climate change afflict this basin, supply/demand constraints will become increasingly 
apparent, and the basin will need to rationalize priorities of which land uses receive water and which do not. The 
addition of water use by coal mining in the headwaters of this basin will exacerbate this dynamic. 
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Figure 33. Total croplands (1,046000 ha) within the ORW. Source: Alces Online and ABMI 2019. 
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Figure 34. Irrigation Districts of the ORW, showing major river systems. Source: Alces Online. 
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Livestock 
The cattle population of the ORW is estimated at 1.0-1.2 million animal units (AU), whose “averaged” life-cycle 
distribution (Figure 35) is reflected seasonally in pastureland (Figure 36), feedlots (Figure 37), and headwater 
crown grazing permits (Figure 38). With an average standing biomass of 400 kg/AU, and an average water 
consumption of 41 liters/AU/day®, the current standing biomass (~440 M kg) of cattle requires ~16.5-18.0 M m? of 
water/yr. The majority of the water used for cattle in the ORW originates in the headwater basins. 
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Figure 36. Pasturelands (~77,773 ha) within the ORW. Source: Alces Online and ABMI 2019. 
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Figure 37. Livestock feedlots within the ORW. Source: Alces Online and ABMI 2019. 
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Figure 38. Crown Grazing Permits, ORW. Source: Alces Online. 
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Protected Areas 

The network of protected areas within the ORW (Figure 39) plays a critical role in ensuring adequate water supply 
and quality to all downstream land-uses in the basin. It is widely understood by landscape ecologists??,? that 
maintaining natural plant communities in a functional state in headwater basins is the single most important 
consideration to proper hydrological function. Recent surveys by CPAWS indicates that 70% of Albertans approve 
of an expansion in the protected areas of Alberta’s East Slopes?". 


A ney element of ee (SALTS, Livingstone Landowners | ip), provincial (AWA), national (CPAWS, Natur 
yNservancy of Ja), ae ingernationel a1 (Y: DY) E is the conservation of natural habitat that allows for 
the retention and pRa of ecosystem dynamics and endangered species in the headwaters of southern 
Alberta. Elements of this protected area matrix are illustrated below (Figure 39), and demonstrate a significant 
discontinuity in designated protected area immediately north of the Crowsnest Pass. It is in this region that ~100 
km? of coal mines are proposed by investors, and examined within this report. If coal mining were to proceed in 
this region, a significant loss of landscape continuity would occur in the ORW headwaters and this loss would have 
larger regional implications to conservation of endangered species such as WSCT, bull trout, and grizzly bear. 


The spatial extent of the Y2Y initiative reminds us of the challenges of maintaining adequate continuity of natural 
landscapes along the Rocky Mountains (Figure 40; left image). One of the current “missing links” occurs in the 
headwaters of the ORW (Figure 40; right image), where north of the Crowsnest Pass there is a gap in terms of 
designated protected areas. Although this region has provided ecological connectivity historically, this ecosystem 
service will be lost if it is transformed by regional industrial land uses. 
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Figure 39. Current Protected Areas Network of the ORW. Source: Alces Online. There exists a continuous network of protected 
areas in the headwater of the ORW south of the Crowsnest Pass. This “designated” protected areas network is interrupted north 
of the Pass. Historically, the natural state of these headwater basins ensured connectivity, but this ecosystem service would be 
eroded by any large industrial activity. 
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Figure 40. A map (left) prepared by Y2Y (Yellowstone to Yukon) illustrating the geographic extent of their conservation initiative and the 
distribution of protected lands and conservation lands in the Y2Y corridor. Areas that are pinkish represent lands protected as of 2014 and 
those that are yellowish/orange-ish are those that existed in 1993. The map on the right highlights southwest Alberta and southeast BC. 
Note the absence of designated conservation and protected area in the headwaters of the ORW north of the Crowsnest Pass (Oval with 
red boundary). This region has provided high spatial continuity to ecosystem dynamics in the past because of the relative absence of 
intensive land use. This functionality would be lost in the event of a large regional coal mining development. 
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The ORW lies in the rain-shadow of the Rocky Mountains, and hence precipitation is lower than exists on the BC 
side. The majority of precipitation it receives occurs in its headwater basins, and this water is critical to all 
downstream land uses in the ORW. The distribution of total water demand in the ORW is estimated in Figure 41. 
The current allocation and use rate of water in the ORW is relatively high (hence it has been defined as a closed 
basin), and arguably quite high relative to maintenance of instream flow requirements. This water supply/demand 
imbalance is particularly concerning during late summer and early winter and particularly during years of low 
precipitation and flow. As frequency and magnitude of droughts increase in a future ORW, there will emerge a 
need to revisit the math that balances water supply and demand. 


Maces a 4 oa 


E Total Water Use 2010s 
: Okman Watershed Cinci 26.413.15km 


LL i ne 5 = 





Figure 41. Spatial variation in the use of water by all land uses. Source: Alces Online. 
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Aquatic Ecosystem Dynamics and Their Water Requirements 


All stakeholders involved in the discussion of coal mining in Alberta’s East Slopes seem to echo the importance of 
water and aquatic environments, and also their commitment to maintain this critical element of natural capital. 
And whereas there appears to be good knowledge regarding the spatial and temporal water demands of all land 
use sectors (coal, irrigation, municipal, livestock, recreation, ...), there appears to be no robust analyses that focus 
on the amount and timing of water required to maintain acceptable aquatic ecosystems in Alberta’s East Slopes. 
Rather, there appears to be a recognition that some of the water, nominally 20%, should stay in moving water 
systems that drain the headwaters and feed the streams and lakes downstream. There does not appear to be any 
scientifically robust, bottom up, analyses that tries to reconstruct the “range of natural variability” of water (spatial 
and temporal) dynamics prior to the arrival of major land uses, and what types of contemporary water flow 
patterns can maintain an acceptable level of performance in aquatic systems (fish habitat, fish populations, aquatic 
invertebrates, fluvial processes, surface/subsurface water dynamics,..). As shown in the image of an ORW 
headwater stream below (Figure 42), leaving acceptable volumes of water is essential to maintaining ecosystem 
processes. 


Conducting water budgets for the land uses of the ORW is important, and should incorporate factors (such as 
climate change) that might alter the availability of water today and into the future. Previous research by Schindler 
and Donahue”? and Sauchyn> °? reminds ORW residents that water supply can change drastically and that 
Albertans are likely to experience acute water shortages in the future. 
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Figure 42. Example of a mid-sized stream flowing off the headwaters of the ORW. The quantity and quality of the water in these 
streams reflect the matrix of geology, land uses and natural plant communities from which they flow over and through. Photo 
Credit: Bob Costa. 
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Previous Studies in Alberta examining effects of coal mining on water 


Preface 


Whereas heavy metals occur naturally in most surface waters at very low concentrations, even a small increase in 
concentration can lead to acute and chronic toxicity issues for a broad range of invertebrate and vertebrate 
organisms inhabiting our aquatic ecosystems. Dr. Bill Donahue has a long career examining the dynamics between 
land use and water quality, including co-leading several studies with Dr. David Schindler. For the period 2015 to 
2019, Dr. Donahue worked for the Government of Alberta as Alberta's Chief Monitoring Officer, the Executive 
Director of both Monitoring and Science in Alberta Environment and Parks, and as a Visiting Scientist in the 
University of Alberta's Faculty of Science. Since February, he has begun to analyse Alberta Environment's water 
quality data from monitoring performed between the late 1990s and 2016 both upstream and downstream of the 
Luscar, Gregg River, and Cheviot coal mines south of Hinton. Dr. Donahue’s analyses are summarized below. 


Results 


The results are revealing and indicate that concentrations of many water toxicity indicators, including a suite of 
contaminants routinely associated with coal mining, are much higher downstream of the mines than upstream. In 
most cases, levels are 2X to 80X higher downstream of the mines, however some, i.e., Co and Ni, increase by more 
than 100X higher downstream of the coal mines. In general, rivers or streams immediately downstream of coal 
mines have much higher concentrations of heavy metals (e.g., selenium, lead, manganese, copper, arsenic, 
cadmium) and nitrogen, and much higher sodium concentrations that contribute to reduced water quality for 
irrigation. Very large increases in concentrations of a wide variety of chemical water quality indicators downstream 
of coal mines occurred soon after mining commenced, have persisted over time, and have remained high long 
after the mines ceased operations and required reclamation actions were well advanced or even completed. 
Significant changes in downstream invertebrate communities and health of fisheries have also been documented 
for these three mines. Other than the fact that Alberta Environment and the Alberta Energy Regulator have failed 
to reveal these facts, none of this is surprising because these problems almost always occur downstream of coal 
mining, and are exactly the sorts of problems occurring in the Elk River ecosystem downstream of coal mining in 
southeast BC. The same nature and scale of problems with water quality observed downstream of coal mines in 
west-central Alberta are all but certain to occur if and where new coal mining operations are commenced 
elsewhere in Alberta, and especially if they are high-selenium metallurgical coal mines located in headwater 
regions on the east slopes of the southern Rocky Mountains that otherwise have very high water quality because 
of their relatively undisturbed catchments. 
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Water Chemistry Upstream and Downstream of Coal Mines in the MacLeod River System 
of west-central Alberta. Data prepared by Dr. Bill Donahue, former Chief Monitoring 
Officer, Executive Director of Monitoring, Executive Director of Science, and Visiting 
Scientist (University of Alberta), Environmental Monitoring and Science Division, Alberta 
Environment & Parks. 


Starting in the late 1990s and continuing until 2016, Alberta Environment and Parks conducted seasonal water 
quality sampling immediately upstream and downstream of three large coal mines approximately 50 km south of 
Hinton, in the headwaters of the McLeod River watershed in west-central Alberta (Figure 43). Respectively, mining 
began at Luscar and Gregg River in 1969 and 1982, and reclamation began in 1971 and 1982. Active mining ceased 
at the Gregg River mine in 2000, and at the Luscar mine in 2004. However, the Luscar mine processing plant and 
site remained in operation for processing coal from the Cheviot mine, which began mining operations in 2005 and 
continued until 2016. By 2017, 60% of the Luscar mine's 53 km? area was reclaimed, and 99% of Gregg River mine's 
37 km? area was reclaimed, although neither has been certified as reclaimed by the Alberta Energy Regulator 
(Beale and Boyce 2020). 


Water samples were analysed via ICP-MS in a certified lab for a broad range of water indicators, including heavy 
metals [including those normally associated with coal mining, such as selenium (Se), arsenic (As), lead (Pb), 
cadmium (Ca), nickel (Ni), mercury (Hg), chromium (Cr), cobalt (Co), magnesium (Mn), Iron (Fe), aluminum (Al), and 
zinc (Zn)], nutrients [e.g., various species of nitrogen (TDN, NO3+NOz), phosphorus (TDP)], and other indicators 
important to aquatic function, ecosystem health, land use performance, and human health [e.g., dissolved oxygen 
(DO), acidity (pH), sodium (Na) and sodium adsorption ratio (SAR)]. Initial sampling in 1998 and 1999 
demonstrated that selenium concentrations downstream of Luscar and Gregg River mines were an order of 
magnitude higher than concentration thresholds adopted by Canada and the USA to protect aquatic life, whereas 
concentrations at relatively undisturbed reference sites upstream of the mines were typically lower than those 
thresholds (Casey and Siwik 2000, Casey 2005). While early results were analyzed and published by Alberta 
Environment on the basis of sampling between 1998 and 2003, subsequent analyses and interpretation of data 
from continued monitoring have not been performed. As such, most Albertans are unaware of the existence of 
these data that have critical relevance in informing the current public conversation on the almost certain 
significant harm to downstream aquatic ecosystems that will result from increased coal mining in Alberta. 
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Figure 43. Locations of three coal mines (Cheviot Mine, Luscar Mine, and Gregg River Mine) in the upper McLeod River 
watershed, and Alberta Environment and Parks' associated upstream and downstream water quality monitoring sites that were 
chosen to identify effects of the coal mine operations on downstream water quality. 


Coal mining around the world is commonly associated with cation, heavy metal, and nutrient pollution delivered 
via dust and either intentional or unintentional releases of contaminated process water, runoff or groundwater 
from disturbed mine lands to downstream creeks, rivers, and lakes, and resulting harm to invertebrate, fish and 
wildlife health and populations (Lemly 1996, 1997, Lindberg et al. 2011, Belmer et al. 2014). To assess the 
downstream impacts of the Cheviot, Luscar, and Gregg River coal mines on downstream water quality, data from 
pairs of samples taken on the same day upstream and downstream of the mines were selected from Alberta 
Environment's 1998-2016 monitoring dataset. In this way, comparison of downstream to upstream concentrations 
provides an indication of the degree to which concentrations downstream of coal mines have increased, relative to 
concentrations upstream at undisturbed sites and without the problems introduced from sampling on different 
days with potentially different stream conditions. The monthly water quality monitoring upstream and 
downstream of these three mines by Alberta Environment between the late 1990s and 2016 reveals significant 
increases in the average concentration of a wide variety of basic water quality parameters, e.g., 3-12x higher 
turbidity; 1.7-4.3°C temperature increases; 5-38x higher nitrogen (mostly nitrate, with small amounts of nitrite); 3- 
31x higher chlorine, substantially higher heavy metals (7-8x higher arsenic; 6-14x higher selenium; 5-26x higher 
lead; 14-50x higher antimony; 13-50x higher manganese) and cations (e.g., 8-80x higher sodium)(Figure 44, Table 
2). 
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Figure 44. Ratio by which concentrations of water quality parameters increased, relative to upstream concentrations, in rivers or 
creeks downstream of three coal mines in west-central Alberta's McLeod River watershed (1998-2016 for Luscar and Gregg River 
mines; 2005-2016 for Cheviot Mine). All ratios are significant at the (P<0.05) level, unless where indicated by a star, coded by 
colour to match the three mines (one-sample Z-test for mean; two-tailed; compared to hypothesized population mean of 1.000 
and a population variance of 0.250). Values for temperature, pH and dissolved oxygen (DO) from upstream to downstream 
reflect absolute changes, rather than ratios. 
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Table 2. Average ratio by which concentrations of metals, nutrients and other water quality parameters increased downstream 
of coal mines, relative to upstream at unimpacted sites (as shown in Figure 45). All ratios are significant at the (P<0.05) level, 
unless where highlighted in grey (one-sample Z-test for mean; two-tailed; compared to hypothesized population mean of 1.000 
and a population variance of 0.250). Values for temperature, pH and dissolved oxygen (DO) from upstream to downstream 
reflect absolute changes, rather than ratios. 


Element or Cheviot Mine 
Chemicals Luscar Creek Gregg River (McLeod River) 


Alkalinity 
Bicarbonate 


Dissolved Si 
Dissolved Mg 
Hardness 
Dissolved Ca 
Total Ca 

TDP 

DpH 

DDO 
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Downstream Declines in Water Quality 


Many of these compounds can have significant negative direct and indirect environmental effects in aquatic 
ecosystems and foodwebs, but most concern in response to coal mining in western Canada relates to selenium 
contamination. The bioavailability of selenium varies according to its chemical form, and generally increases with 
soil oxidation and pH (Lemly 1996, 1997), which is why selenium concentrations in water and biota downstream of 
coal mines increase. In the case of the three mines listed above, selenium concentrations downstream of the 
mines averaged approximately 6-14 times higher than upstream of the mines (Figure 45; Table 2). Downstream of 
Luscar and Gregg River mines there was no change in average downstream concentrations of Se throughout the 
monitoring period, despite the fact that both mines had closed between 12 and 16 years before monitoring 
ceased, and average Se concentrations increased quickly and significantly downstream of Cheviot mine during the 
first decade of operations (i.e., until monitoring ceased in 2016). 


Concentrations of selenium (Se) upstream and downstream of coal mines in west-central 
Alberta 
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Figure 45. Comparison of selenium (Se) concentrations upstream and downstream of coal mines in west-central Alberta. Source: 
Alberta Environment and Parks. 


Downstream of the Luscar and Gregg River mines, 97-100% of paired samples taken exceeded Alberta's standards 
for Protection of Aquatic Life (PAL; 2 ug/L) (versus 25% and 0% of samples upstream of the respective mines), and 
26% of samples downstream of Cheviot mine exceeded those standards (versus 0% upstream) (Table 3). Maximum 
concentrations of selenium were 40.6 ug/L in Luscar Creek downstream of Luscar mine, 11.9 ug/L in Gregg River 
downstream of Gregg River mine, and 6.2 ug/L in the McLeod River downstream of Cheviot mine, far higher than 
the 2 ug/L above which harm can be expected to aquatic organisms. While concentrations of selenium may be 
naturally high in Luscar Creek and to a lesser extent in Gregg River, based on elevated concentrations and 
frequency of exceedances of the provincial water quality guidelines (alert and PAL levels) in samples from 
undisturbed upstream reference sites, there is no disputing that coal mining has increased selenium 
concentrations in these systems. 
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Table 3. Frequency of exceedances of Protection of Aquatic Life water quality limits in Alberta Environment & Park's monitoring 
program upstream and downstream of coal mines in west-central Alberta, between ~2000 and 2016 (2005 and 2016, for 
Cheviot Mine). 


Less than 5% of samples exceed limits 
5% to 40% of samples exceed limits 


More than 40% of samples exceed limits 


Gregg Luscar Cheviot 
REF Downstream REF Downstream REF Downstream 


% Alert >1 ug/L)** 0% 


Se % PAL (>2 ug/L)** 0% 
Chlorine % Chronic 


% Chronic 
Al (ug/L) % Acute 
% Chronic 
Cd % Acute 
% Chronic 
Cr % Acute 
% Chronic 
Cu % Acute 
Pb % Chronic 
Zn % Chronic 





Clearly, selenium is a severe and long-lasting problem that has resulted from coal mining in the upper McLeod 
Watershed. It also is notable that Alberta has long adopted and advertised a water quality standard of 1 ug/L for 
Se as the purported trigger for a management response that includes much more robust environmental 
monitoring and research, to identify reasons for increases and potential mitigation options to ensure 
concentrations do not continue to increase to exceed the 2 ug/L levels that are needed to protect aquatic life. 
However, despite having identified that Se concentrations exceeded PAL limits by almost 10-fold within the first 
two years of monitoring, those preventative and mitigative management responses appear not to have been 
triggered. Instead, very high Se concentrations continued to be documented downstream of existing coal mines, 
while the Cheviot mine was permitted to open and contaminate the McLeod River downstream of it. That 
concentrations of contaminants downstream of the west-central Alberta coal mines remained elevated almost two 
decades after their closure is consistent with similar documentation of continuing contamination of streams by 
mountaintop coal mines in the Appalachian region of the United States almost two decades after their regulatory 
reclamation was completed (Lindberg et a/. 2011). 


While concentrations of most metals and other elements or compounds increased significantly downstream of the 
three coal mines (Figure 44; Table 2), only nitrogen, chlorine and aluminum are described in more detail, as 
examples of the negative effects of coal mining on downstream water quality. Those that are not presented or 
described all demonstrate similar patterns of downstream increases, as indicated by Figure 44. It also should be 
understood that Alberta's water quality standards have only been developed for some of these chemicals, and 
where the toxicological effects and risks on aquatic invertebrates, fish, or wildlife has been determined for a 
chemical, it is normally assessed in isolation. Consequently, water quality standards or limits for individual 
chemicals will not account for any interactive, additive, or multiplicative toxicological effects of simultaneous 
elevation of a cocktail of contaminants, such as is experienced downstream of coal mines. That is to say, a lot is not 
understood about the risks to aquatic ecosystem health that result from the chemical soups released by coal 
mining into downstream streams and rivers. 


Concentrations of nitrogen, primarily in the form of nitrate (NO3) but with very low concentrations of nitrite (NOs), 
increased by an average of ~5x to 38x downstream of the three mines, resulting in periodic exceedances of the 
3mg/L toxicological limit required for the protection of aquatic life (Figure 46). While concentrations remained 
high downstream of Gregg River and Luscar mines, exceedances of the PAL limit for nitrate ceased to be evident in 
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the paired samples after 2009, whereas concentrations downstream of Cheviot mine began to increase 
immediately after its 2005 opening, and began to exceed PAL limits in 2012 and continued thereafter. The limit for 
nitrate indicated for the protection of aquatic life is purely toxicological and does not account for the significant 
ecological impacts that increased nitrogen in aquatic ecosystems can cause, including eutrophication and increase 
in nuisance algae (Carpenter et al. 1998, Sosiak 2002, Chambers et al. 2006, Saffran and Anderson 2009). The large 
quantities of nitrogen-based explosives that are used in coal mines in Alberta have been suggested as source of 
elevated downstream nitrate concentrations, although this remains to be determined. However, nitrogen-based 
explosives used in coal mines in B.C.'s Elk Valley increased nitrate concentrations from an average of 0.20 mg/kg in 
pre-blast rock to an average of 27.6 mg/kg in fresh-blast rock, and that leaching from on-site waste-rock dumps is 
the source of downstream nitrate (Mahmood 2016). 


Concentrations of nitrogen compounds (NO3+NQ2) upstream and downstream of coal 
mines in west-central Alberta (almost entirely nitrate) 
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Figure 46. Comparison of Nitrogen (N) concentrations upstream and downstream of coal mines in west-central Alberta. Source: 
Alberta Environment and Parks. 


Relative to upstream concentrations, average increases in concentrations of chlorine downstream of the coal 
mines were elevated by 3.2-31.4x (Table 2). Effectively all paired samples (99%) downstream of the Gregg River 
mine exceeded the water quality guideline for protection of aquatic life for chlorine (0.5 ug/L), whereas all paired 
samples downstream of the Luscar mine exceeded that limit (Table 3; Figure 47). As with selenium, exceedances of 
PAL limits for chlorine upstream of the Gregg River (31%) and Luscar (32%) mines suggests that the Gregg River 
and Luscar Creek may be naturally high in chlorine, likely because of the prevalence of coal in these watersheds. 
Fewer of the paired samples taken downstream of Cheviot mine exceeded the PAL limit for chlorine (45%) than for 
the other two mines. However, there were no exceedances of the PAL in samples from the McLeod River reference 
site upstream of the mine. Further, unlike for the other two mines, concentrations downstream of Cheviot mine 
demonstrated an increasing trend after the mine opened in 2005, with more frequent exceedances of the PAL limit 
after 2010. Both of these factors highlight the mine itself as the reason for increasing chlorine concentrations and 
risk to aquatic life downstream of the mine. 
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Concentrations of chlorine upstream and downstream of coal mines in west-central Alberta 


OGreggu/s W Gregg d/s OLuscaru/s ©® Luscar d/s A4Cheviotu/s 4 Cheviot d/s 





100 
+ 
E 
d 
= al bad = "E L | 
= 10 z a m 
T) te? 
£ 
c 
© 
B 
g 
c 
ET 1 
= 
Oo x 
rs) Q o a à å 
v à AAWA ADO OO -iir of n # .. 20% 
= Protection of Aquatic Life ; + oh =o prea o 
2 (0.5 ug/L; chronic) G + By Oo Fa OA 
<= 0.1 =L) A A F a à 
= Ò 
! A ! 
eE DE @ MD oh on a 
Gregg mine closed (2003) Cheviot mine 
closed (2000) open (2005) 
l i E 
0.01 
$ $ $ 7 $ $ 2 y ` 
oy y R S on > Q £ L 
ont v ar x S © ei N n 
V x y z N Vv Vv 


Figure 47. Comparison of chlorine (Cl) concentrations upstream and downstream of coal mines in west-central Alberta. Source: 
Alberta Environment and Parks. 


Aluminum concentrations downstream of the coal mines were on average 5.2-8.7x higher than upstream 
concentrations (Table 2) and exceeded both chronic and acute limits for protection of aquatic life upstream and 
downstream of all three mines (Table 3; Figure 48). However, unlike for selenium and chlorine, the frequency of 
exceedances of the PAL limits was highest downstream of Cheviot mine. Background exceedances suggest natural 
sources of aluminum, and in addition to the direct impacts of mining increasing concentrations and the frequency 
of exceedances, it is likely that natural erosion sources contributes to naturally high aluminum concentrations in 
these systems. 
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Concentrations of aluminum (Al) upstream and downstream of coal mines in west-central 
Alberta 
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Figure 48. Comparison of aluminum (Al) concentrations upstream and downstream of coal mines in west-central Alberta. 
Source: Alberta Environment and Parks. 


Aquatic Invertebrates 


Aquatic invertebrates, and in particular some classes of insects (mayflies, stoneflies, and caddisflies, i.e., 
Ephemeroptera, Plecoptera, and Tricoptera; "EPT") are important indicators of aquatic ecosystem health and 
human impact, including in assessment of water quality, sedimentation, and metal toxicity, and are particularly 
sensitive to stream impairment (Kuchapski and Rasmussen 2015b). They also are critically important prey species 
for coldwater fish, like the various species of trout (including Westslope cutthroat trout) that inhabit the 
headwaters of Alberta's major watersheds. 


In addition to large increases in water concentrations of selenium downstream of coal mines in the upper McLeod 
River watershed, higher selenium concentrations were also identified in the late 1990s and early 2000s in 
downstream biofilm and in some EPT families, along with increases in concentrations of arsenic and zinc in one or 
more of these groups of aquatic insects (Casey and Siwik 2000, Wayland and Crosley 2005). A 2011 survey of 
benthic invertebrate communities in reference streams, and streams impacted by these three coal mines revealed 
significant changes in benthic invertebrate communities downstream of the coal mines. This included declines in 
mayfly density and community richness, declines in EPT community richness, and declines in mayflies densities 
relative to the full aquatic invertebrate community structure, that corresponded with increases in the degree of 
physical disturbance (e.g., calcite accumulation and sedimentation) caused by the coal mines, as well as the 
downstream chemical changes to these systems that included not only potential selenium toxicity but also 
increases in alkalinity, conductivity, and concentrations of ions like chloride and magnesium (Kuchapski and 
Rasmussen 2015b). In the same study, similar negative effects of coal mining on aquatic insect communities were 
documented downstream of coal mines in the Elk River basin, in southeastern B.C. So it is not a stretch to conclude 
that similar changes to invertebrate communities will follow the downstream declines in water quality and 
increases in physical disturbance that expanded coal mining in southwestern Alberta will cause. 
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Fish and Biodiversity 


A recent scientific review concluded that, on average, biodiversity is 32% lower and abundance is 53% lower in US 
streams affected by coal mining, relative to streams in unmined watersheds, and that those declines were 
consistent among invertebrate communities, fisheries, and salamanders (Giam, Olden and Simberlofff 2018). 
Changes in benthic invertebrate community structure and density are particularly important, not only as indicators 
of aquatic ecosystem health and changes in water and sediment quality, but also as indicators of potential harm 
from coal mining to fish populations. Selenium concentrations in rainbow trout eggs collected in the upper McLeod 
River basin in 1999 were higher than in female fish muscle, and both were positively correlated with water 
concentrations, lowest at undisturbed reference sites and highest downstream of mines (Casey and Siwik 2000). At 
that time, conceptual modeling of foodweb effects of bioconcentration and bioaccumulation predicted adverse 
effects in various fish species in these systems, and laboratory toxicity studies on rainbow trout fry confirmed this 
conclusion (Casey 2005). 


In 2011, significant increases in selenium concentrations were documented at each level of the aquatic foodchain 
in the upper McLeod River watershed, including in water, biofilm, invertebrates, and juvenile rainbow and brook 
trout (Kuchapski and Rasmussen 2015a). Selenium accumulation from invertebrates to juvenile trout muscle tissue 
did not vary among fish species, but muscle tissue concentrations were strongly correlated to dietary selenium 
concentrations at the site at which juvenile fish were captured (i.e., concentrations in benthic aquatic 
invertebrates). A significant negative relationship also was observed between muscle selenium concentration and 
total fish biomass in stream reaches for rainbow trout. Total rainbow trout biomass was 0.07 g/m? in the stream 
reach with the highest mean muscle selenium concentration (15.07 mg/kg dry mass; mine-impacted stream), 
compared to total rainbow trout biomass of 2.25 g/m2 in the stream reach with the lowest mean muscle selenium 
concentrations (3.14 mg/kg dry mass; reference stream). 


So an almost 5-fold increase in rainbow trout muscle selenium concentrations corresponded with a 93% decline in 
total fish biomass (i.e., fewer fish and of smaller size). However, there was no relationship between total biomass 
and muscle tissue selenium concentrations for brook trout (Kuchapski and Rasmussen 2015a). Average selenium 
concentrations in muscle in rainbow trout in mine-affected reaches in McLeod River streams also exceeded levels 
at which larval deformities are anticipated as determined by Holm et al. (2005) and Alberta's selenium fish tissue 
guideline for protection of aquatic life (4 ug/g dry mass). Out of all of the measured fish habitat and water quality 
characteristics that were described in this study for each stream reach studied, selenium exposure was the only 
one that was a strong predictor of total fish biomass in each reach, and the study authors were unable to construct 
any habitat model that predicted total fish biomass. All of this strongly suggests that high selenium exposure 
caused by the coal mines in the upper McLeod River watershed is the primary contributing factor to observed 
declines in rainbow trout populations in mine-affected stream reaches. 


All of the declines in water quality, diversity and abundance of invertebrates, and rainbow trout populations 
downstream of coal mines in the upper McLeod River watershed are consistent with impacts from coal mining 
identified elsewhere, including in the Elk River basin in BC and throughout the continental USA. Therefore, there is 
no reason to believe that all of the declines in aquatic ecosystem quality and health that have already been 
observed downstream of coal mining in the upper McLeod river watershed should not be expected to also occur 
downstream of other coal mines in Alberta. 


Downstream Declines in Water Quality for Irrigation 


While most public attention is on the direct toxicological effects to aquatic organisms of increases in 
concentrations of a variety of chemicals caused by coal mining, declines in water quality as related to suitability of 
irrigation is nonetheless potentially of real significance in southern Alberta, particularly in the Oldman River 
watershed. In particular, downstream changes in the specific conductance or the chemical balance between 
sodium, calcium and magnesium in water because of coal mining or coalbed methane development results in 
significant shifts in the downstream quality of irrigation water (Cannon et al. 2007). Coal mining in the McLeod 
River headwaters resulted in 77-fold average increases in sodium concentrations downstream of both the Luscar 
and Gregg River mines, and more than an 8-fold increase downstream of Cheviot mine, with slight declines or 
moderate increases in downstream calcium and magnesium concentrations (Figure 44; Figure 49; Table 2). 
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Concentrations of sodium (Na) upstream and downstream of coal mines in west-central 
Alberta 
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Figure 49. Comparison of sodium (Na) concentrations upstream and downstream of coal mines in west-central Alberta. Source: 
Alberta Environment and Parks. 


Concentrations of these three elements (measured in milliequivalents/L) are used to calculate the sodium 
adsorption ratio (SAR), which is one of the indicators of irrigation water quality commonly used (Cannon et al. 
2007, Bulltail and Walter 2020): 


Na 


In short, when SAR increases, it can influence soil structure and thereby reduce permeability and water infiltration 
rates, which obviously can reduce the effectiveness of irrigation and crop production. Therefore, if sodium 
concentrations increase disproportionately more than calcium and magnesium, then SAR increases and irrigation 
water quality declines. Alberta defines water with an SAR less than 5 as safe for irrigation use and an SAR greater 
than 10 as hazardous for irrigation use; when SAR is between 5 and 10, it is characterized as "possibly safe" for 
irrigation purposes, however one could equally characterize it as possibly hazardous for use in irrigation. In the 
large majority of paired samples, SAR increased substantially downstream of the three coal mines (Figure 50). 
However, only downstream of Luscar mine did water quality routinely decline enough to be characterized as 
"possibly safe" (or possibly hazardous). On average, relative to upstream samples, SAR increased by 5.4 units 
downstream of Luscar mine, by 2.0 units downstream of Gregg River mine, and by 0.8 units downstream of 
Cheviot mine. 


SAR = 
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Figure 50. Differences in sodium adsorption ratio (SAR) in paired samples from upstream and downstream of coal mines in west- 
central Alberta, as an indicator of suitability for use in irrigation [Safe < 5; 5<Possibly Safe<10; 10<Hazardous]. Source: Alberta 
Environment and Parks. 
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Similar to SAR, increases in specific conductance are also used to indicate declines in water quality for irrigation 
purposes. Alberta defines water with a conductivity less than 1000 uS/cm as safe for irrigation use, and greater 
than or equal 2000 uS/cm as hazardous for irrigation use; as with SAR, when conductivity is between those two 
values, it is characterized as "possibly safe" (or possibly hazardous) for irrigation purposes. Relative to paired daily 
samples taken upstream, the average increase in downstream conductivity was 82% (+412 uS/cm) for Luscar mine, 
94% (+348 uS/cm) for Gregg River, and 32% (+128 uS/cm) for Cheviot mine (Table 2). Consequently, water quality 
downstream of Luscar mine routinely shifted from "safe" for irrigation to "possibly safe" (or possibly hazardous), 
but, unlike for SAR, water quality downstream of Gregg River mine also demonstrated sufficient increases in 
specific conductance to periodically cross the threshold from "safe" to "possibly safe" (Figure 51). Overall, while 
SAR increased significantly downstream of all three coal mines, water in Luscar Creek shifted from universally safe 
for irrigation use upstream of Luscar mine, to possibly hazardous for irrigation use 61% of the times sampled 
downstream of the mine (Figure 52). Based on specific conductance, which also increased substantially 
downstream of all three coal mines, water quality for irrigation use shifted from universally safe upstream to 
possibly hazardous 8% of the times sampled downstream of Gregg River mine, and 54% of the time downstream of 
Luscar mine. Finally, it should be noted that water quality standards for irrigation use were exceeded because of 
high selenium concentrations in more than 30% of samples downstream of Luscar mine (Figure 45). Whether 
because of increases in SAR, specific conductivity, or even selenium, there is no reason to think similar declines in 
the safety of water for irrigation use will not occur downstream of any new selenium-rich metallurgical coal mines 
that are opened in the headwaters of the Oldman River watershed. 
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Figure 51. Differences in conductivity in paired samples from upstream and downstream of coal mines in west-central Alberta, 
as an indicator of suitability for use in irrigation [Safe < 1000; 1000<Possibly Safe<2000]. Source: Alberta Environment and 
Parks. 
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Figure 52. Changes in water quality for irrigation purposes downstream of coal mines in the upper McLeod River watershed: A) 
percent of samples that are "safe" (<1,000 uS/ cm) and "possibly safe" (1000 uS/cm<x<2000 uS/cm), based on specific 
conduc3vity; and B) percent of samples that are "safe" (<5) and "possibly safe" (5<x<10), based on sodium adsorption ratio 
(SAR). 
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Persistent Post-Reclamation Problems 


Given the significant and long-lasting risks posed to ecosystem accumulation, function and toxicity by selenium and 
other pollutants associated with coal mining, for example in the upper McLeod River watershed in Alberta and in 
southeastern B.C., industry and government promises of post-reclamation returns to ecosystem function or high- 
value fish habitat to follow development of new mines in south-west Alberta should be considered highly 
questionable. In recent weeks, in response to growing public concern in Alberta about the significant 
environmental harm that would be caused by expanded coal mining, it has been suggested by industry contractors 
that methods are available to reduce long-term downstream harm from coal mining via such things as novel 
conversion of coal mine pits to end-pit lakes, such as has been done for Luscar mine's 51-C6 pit that is now 
referred to as "Sphinx Lake" (Weber 2021). 


However, at least five years after that end-pit lake was established and the mine pit deemed reclaimed, in 2008 
“all measured [water quality] parameters for which there are federal guidelines (CCME, 2003) were below those 
guidelines except for selenium" and still as high as 5.9 ug/L (Brinker, Symbaluk and Boorman 2011). While 
selenium concentrations were described as "trending downward" in that end-pit lake in 2008, at that time 
selenium concentrations in Luscar creek downstream of the closed Luscar mine remained as high as they had been 
and were consistently greater than 20 ug/L, and remained far above water quality limits for the protection of 
aquatic life until the termination of sampling in 2016. Luscar and Sphinx Creeks, downstream of Luscar mine and its 
reclaimed end-pit lake also were both among the five mine-affected streams studied in the Upper McLeod 
watershed by Kuchapski and Rasmussen (2015), in which they identified significant changes in invertebrate 
communities, significant increases in rainbow trout muscle selenium concentrations, and significant reductions in 
total rainbow trout biomass that corresponded with high selenium exposure. 


In terms of end-pit lakes being presented as some sort of healthy or useful post-reclamation site for recreational 
fisheries, after studying selenium bioaccumulation trajectories in end-pit lakes in reclaimed coal mines in west- 
central Alberta - including at Luscar and Gregg River mines - it was concluded that "high Se exposure in 
metallurgical coal pits indicates that under the current mining and reclamation strategy, these lakes are not 
suitable for management as recreational ‘put and take’ fisheries" (Miller, Rasmussen and Palace 2013). They also 
highlighted that end-pit lakes in reclaimed metallurgical coal mines in Alberta are particularly high in selenium, and 
while they may be suitable for stocking and growing fish, "they may pose a significant problem for managers 
because the Se that bioaccumulates in their tissues may exceed guidelines for human consumption and pose a 
hazard to wild vertebrate predators." 


As described above, the Luscar, Gregg River, and Cheviot coal mines in the headwater region of the McLeod River 
in west-central Alberta have caused clear long-term harm to downstream aquatic ecosystems, almost immediately 
after opening in the case of Cheviot mine, during operations of all three mines, and for the entirety of up to almost 
two decades of sampling that continued after the closure and reclamation of Gregg River and Luscar mines. 
Declines in physical and chemical characteristics of downstream streams and rivers have led to major changes in 
invertebrate communities, and to increased selenium exposure that has most likely resulted in huge declines in 
rainbow trout populations. These sorts of major negative downstream impacts are routinely reported where coal 
mining occurs, including in the United States, Australia, China, Europe, and British Columbia. The persistence of 
toxic selenium concentrations and substantially reduced water quality, environmental condition and aquatic 
ecosystem health downstream of not only active coal mines, but also those that have been long-closed and 
purportedly reclaimed, should be of great concern in relation to any new coal mines that are considered, planned 
or approved in the headwater regions of Alberta. 


Assessing Watershed Scale Consequences of Coal Mining in the Headwaters of the Oldman River Watershed 67 


Other Considerations of Coal Mining in Alberta’s East Slopes 


The Environmental Consequences of Coal Mining 


The global literature’ examining the environmental effects of coal mining is large and documents consequences 
at a range of temporal and spatial scales (including Crowsnest Pass, the Coal Branch region of west-central Alberta, 
Elk Valley, BC, and Appalachia region of southeast USA). Summary literature includes consideration of the 
exploration, mining and the combustion phases of this sector?”. Environmental liabilities of surface coal mining 
can be generally classified into categories that include water quantity, water quality, air quality, landscape 
transformation, biodiversity, climate change, human health, and landscape aesthetics. 


Potential water quality issues relevant to coal mines in the ORW include toxic chemicals, heavy metals?™, selenium 


toxicity”, calcite deposits?°, altered salinity?’’”, alkalinity, and overall loss of the utility of water for ecological 
function and downstream water use. 


Water quantity issues generally focus on gross and net water use by coal mining operations, how coal mining 
activities can alter surface and subsurface water flow, and how coal mining can lead to, or exacerbate, water 
scarcity to downstream water users. 


Air quality concerns associated with coal mines vary regionally and include atmospheric pollution involving coal 
dust and particulates’. Dust generated during extraction can present an occupational hazard for miners and has 
been linked to pulmonary diseases such as coalworkers' pneumoconiosis (CWP, “black lung disease”), chronic 
obstructive pulmonary disease (COPD), and silicosis (NIOSH, 2011). 


Surface mining for coal in foothill and mountainous regions can lead to large-scale landscape transformation and 
loss of natural habitat, altered topography (mountain-top removal, filling-in of valleys), and fragmentation of 
remaining natural habitat. 


The magnitude of effects of coal mining on overall biodiversity remains largely unstudied, but numerous studies 
have documented adverse effects on high profile or keystone species (WSCT, Grizzly bear, bighorn sheep) and 
aquatic invertebrates’. 


For those hydrocarbons (coal, bitumen, gas, oil) that can be extracted and combusted, coal has undeniably the 
highest adverse effects on climate change’. Coal mining and combustion is broadly recognized to be the greatest 
global threats of any fuel typet to climate instability, and as such, numerous international organizations and 
governments have called for its abandonment as quickly as possible. It has the highest carbon intensity of the 
major fuel types (coal, oil, natural gas)*!243 and has a comparatively large disturbance footprint?“ (Figure 8). Both 
the Canadian and Alberta government?*>"° have passed legislation that calls for an accelerated phasing-out of 
surface coal mining by 2030+". Alberta’s opposition party (NDP) has recently attempted to introduce legislation 
that would ban all coal mining in Alberta’s East Slopes'?®1°: a proposal that was rejected by the UCP 


government?2°, 


If the published and recoverable coal reserves for the eight proposed coal mines (Grassy Mtn, Tent Mtn, Elan 
South, Isolation South, Isola, 4-Stack, Chinook/Vicary, Cabin Ridge) within the ORW are extracted and combusted 
within the next 50 years, a total of ~1.91 B tonne of C02e would be emitted (inclusive of combustion phases). Given 
that Alberta’s 2017 total COze emissions were 272.8 M tonne/yr, the cumulative COze emissions (full life cycle) 
from prospective coal mining (high growth scenario) represents 7 times the current annual C02e emission of 
Alberta. Phrased differently, the average annua C02e emission from prospective coal mining of 38.2 M (full life 
cycle) tonne would equal 14% of Alberta’s 2017 annual emissions. 


In the Elk Valley immediately to the west of our study area, ~830 MT of coal have been produced to date™?, with 
current annual coal production rates of ~25-30 MTA. Using a generalized life cycle methodology (production, 
cleaning, transport, combustion), Lars Sander-Green of the Wildsight?”? indicate that the total GHG emissions from 
Elk Valley exceed all other sources in the Province of British Columbia. His approach estimates an average of 2.75 
tonne of CO2e (full life cycle approach) will be emitted for each tonne of coal produced 


(https://wildsight.ca/2020/06/01/do-we-really-need-steelmaking-coal/). 
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Systemic health concerns of coal mining’?*174 range from people consuming toxic water (selenium?”°) to inhaling 


toxic air (coal dust, particulates) to absorbing caustic substances through their skin?2°. Coal-related pathologies 
include pulmonary disease?”’, gastro-intestinal impairment, cancer, neuro-toxic symptoms, to reproductive 
impairment, ...). As summarized by the 2018 meta-study completed by Cortes-Ramirez (2018), “There is consistent 
evidence of the association of coal mining with a wide spectrum of diseases, especially cancer and congenital 
anomalies, in populations resident or in proximity of the mining activities.” 
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Selenium and Bighorn Sheep in the Coal Branch region of west central Alberta 


Metallurgical coal mining has been a significant land use in the Coal Branch region of west-central Alberta for the 
past several decades (Figure 54). The cumulative footprint area within the Upper Macleod River watershed is 
estimated at 7,552 ha (Alces Online), with significant portions of the mine sites now reclaimed. Some of these coal 
mine sites overlap with traditional bighorn sheep range, whose population size and composition during and 
following coal mining have been monitored for several decades. Population demographics of bighorn sheep herds 
on these reclaimed sites are monitored the Government of Alberta and by coal sector consulting biologists (see 
Beth McCallum?2%,?2°). Rams are known to possess comparatively large horns, which presumably reflects their high 
nutrient diet (abundance of agronomic and leguminous plant on reclaimed sites) and high survivorship (low 
harvest rates by predators and hunters). 


In recent decades, some individuals in the public have expressed concerned that bighorn sheep on these sites 
exhibited unnatural horn morphology, and suggested these anomalies might be attributed to environmental 
toxicity associated with the coal mines. Selenium has been suspected as a potential toxin since it is a persistent 
element proximal to coal mines and has a narrow Safe operating level for many vertebrate and invertebrate 
species. 


Recently, Jeff Kneteman?”®, a retired provincial wildlife biologist, completed a study (2016) examining blood 
chemistry of bighorn sheep (and other ungulate species) in the Coal Branch region of west central Alberta and 
several other locations in North America. His work indicates that bighorn sheep populations residing in and near 
coal mine sites exhibit higher “whole blood” selenium concentrations than do other non-supplemented 
populations (Figure 55, Figure 56). Kneteman’s research is preliminary in nature, does not examine actual causal 
pathways, but does indicate a pattern that deserves additional attention. An excerpt from the Government of 
Alberta’s draft Bighorn Management Plan provides additional context on the possible effects of selenium in 
bighorn sheep. 


Trace minerals are essential for sustaining vital functional physiology, particularly relating to growth and immune 
function in many species. In ungulates selenium plays a role in structural, metabolic, reproductive, and immune 
functions and can directly and indirectly affect population dynamics (Flueck 1994). Many mammalian species have 
a narrow tolerance for selenium (Terry et al. 2000, Trumble and Sorensen 2008, Quinn et al. 2011) and levels 
considered deficient or excessive can have serious consequences to individual animal health (Ohlendorf 1996, 
Wobeser 2006). However the interval between adequate and safe selenium bioavailability is unknown in ungulates 
(Poppenga et al. 2012). Severe deficiency or toxicity is rarely diagnosed in wildlife; apparent low levels may be 
offset by other elements, such as vitamin E (Dunbar et al. 1999). However, marginal deficiency at chronic subclinical 
levels may be a management concern, especially on poor quality ranges (Flueck et al. 2012). In regard to bighorn 
sheep, natural and agronomic forages in the eastern slopes region of Alberta (Samson et al. 1989) generally are 

low in selenium content measured against information pertaining to domestic sheep. But using domestic sheep as a 
reference for free-ranging bighorns is not well substantiated and use of non standard samples such as serum vs 
organ values further complicate interpretation. Low selenium levels in some bighorn populations were associated 
with populations in long-term decline but were also associated with other herd health challenges (Hnilicka 2002, 
Lemke and Schwantje 2005). Similar situations have not been detected in Alberta (Flueck et al. 2012). Although 
serum selenium levels in some populations in west-central Alberta are slightly elevated they appear to be within the 
tolerance range that precludes acute toxic effects (MacCallum 2006) but the occurrence or effects of possible 
subtoxic effects remain unknown and are very difficult to document, as with many trace minerals. 





ar 


Figure 53. Band of rams on reclaimed habitat of Cadomin Coal Mine. Photo Source: https://guinnoutfitters.com/209/ 
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Figure 54. Left. Location of coal mine footprints in the Upper Macleod River watershed of west central Alberta. Source: Alces 
Online. Right. Satellite image of active and reclaimed portions of the Luscar coal mine. Source: Alces Online 
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Figure 55. Comparison of selenium concentration in blood from bighorn sheep in locations with and without access to 
supplemented vegetation that is known to be high in selenium. 
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Figure 56. Identification of a safe operating space (0.06-0.30 ug/g) for selenium in western North America based on 72 
population of seven species. Source: Kneteman, 2016. 
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Coal Mining, Explosives, Nitrogen, and Water Quality 


To gain access to coal seams, mining companies use explosive to mobilize overburden rock, which is subsequently 
removed to expose the underlying coal. This overburden rock is deposited in waste rock dumps. A generic video 
representation of this explosion process in coal mining can be viewed at 

https://www.youtube.com/watch ?v=xaMSgXi4POl. These explosives generally involve high concentrations of 
nitrate (generally in the form of ammonium nitrate but also sodium nitrate and calcium nitrate), which can have 
significant adverse impacts on both surface and subsurface**? hydrology. The most studied adverse effects of 
nitrate loading downstream of coal mines are altered trophic systems (food webs), algal blooms (eutrophication), 
and human health issues. Most of the nitrate entering aquatic systems originates from spillage, during 
transportation or changing, leaching of the explosive in wet blastholes or undetonated explosive in the broken rock 
after the blast (direct quote)**. Measurement of nitrate immediately below coal mines in the Coal Branch region 
of west-central Alberta found that nitrate concentrations were ~20 times higher than streams immediately 
upstream of coal mines (Figure 46). Changes in nitrate concentrations at sites on West Line Creek downstream of 
Teck’s Line Creek Coal mine increased significantly following the construction of the coal mine (Figure 57, Figure 
58). With increasing knowledge about how coal explosives can reduce downstream water quality, some mining 
companies are exploring new formulations of nitrate???,1°", 


Although the dynamics of nitrogen emissions from coal mining were not examined in this study, this issue is an 
important one and deserving of detailed examination. 
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Figure 57. The Elkview coal mine near Sparwood, B.C. is pictured in Teck Resources Ltd. photo. This image illustrates 
the terracing that has occurred after overburden is removed by explosives. 
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Figure 58. Changes in measured nitrate concentrations (mg N/liter) in West Line Creek (WLC) following the construction of the 
Line Creek Coal Mine. Source: Teck Coal, 
https://mail.google.com/mail/u/0/#inbox/KtbxLxghjzhTGcVrIBvXCIVxlJąaKJItXlą?projector=1&messagePartld=0.1 
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The Issue of Mine Reclamation 


The Government of Alberta’s mine reclamation regulations’? indicate that abandoned mine sites and associated 


industrial footprints must be reclaimed to a “capacity” that is similar to that which existed in the pre-mine 
landscape. The vagueness of the word “capacity” is problematic as it enables immense flexibility and operational 
license by mine owners in how they reclaim their mining projects. Little or no description is provided that identifies 
specific thresholds of ecological function that pertain to water quality, water quantity, surface and subsurface 
hydrology, or fish habitat and population. Actual reclamation performance can be viewed as a spectrum, with 
reclamation efforts varying between those that spend minimal time and funds and accomplish little to ones that 
succeed in recreating an acceptable level of form and function of the post-mine landscape. 


As a general rule, reclamation performance is positively related to cost, with expenditures varying from OS/ha 
(basically walk away) to efforts that can exceed $200,000/ha. Historical assessment of post-reclaimed landscapes 
tells us that reconstructing an ecologically functional post-mine landscape requires a careful integration of relevant 
disciplines (physics, chemistry, soils, micro-biology, climate, hydrology, plant community dynamics, plant/animal 
interactions). This is important and difficult work that requires comprehensive planning and numerous years to get 
it right. The Landform Design Institute?’ describes both the historical challenges and opportunities associated with 
mine reclamation performance. All too often, reclamation efforts are confined to a quick “sculpting” of the post- 
mine landscape and establishment of green vegetation. Whereas these reclamation elements are important, and 
can create a non-offensive visual experience to the lay public, they offer more form than function, and may do 
little to ensure that the underlying hydrology of the post-mine landscape deliver sustainable patterns of water 
quantity and quality. Without proper hydrological function (both quantity and quality) on post-mined landscapes, 
it is unlikely that other elements (plant and wildlife dynamics) will be sustainable. 


The ORW has a history of surface mining of coal (see Appendix section on Legacy Mines). Today, it is clear that 
mine reclamation efforts of these legacy mines varied from none to minimal. Clearly there can exist a difference 
between a government’s current regulatory wording and the actual historical performance of reclamation efforts. 
A key reason that mine reclamation efforts fail is lack of legally required funds dedicated to reclamation. The 
amount of bonds secured from mine owners by the government is typically a very small fraction of the actual 
reclamation costs??’, and often the reclamation budget itself is a significant under-estimate of the funds required 
to complete a functioning post-mine landscape. According to McKenna Geotechnical (pers. comm, May, 2021), 
companies typically under-estimate actual reclamation costs by 2 to 10 fold. Furthermore, bonds secured by 
governments seldom exceed ~10% of their reclamation cost estimates. As such, the amount of bond funds typically 
secured is generally about 1% of the actual costs needed for adequate reclamation. Complicating the matter 
further, it is not uncommon for parent mine companies at their later stages of economic lifespan to become 
insolvent or sell their assets (and liabilities) to junior companies that subsequently become bankrupt (McKenna, 
pers. comm). In these cases, abandoned mine sites are not reclaimed, or the costs are fully born by the public. 


Albertans are now beginning to better understand the magnitude of reclamation liability that attends the 
provincial hydrocarbon sector. Numerous studies have highlighted these liabilities in the bitumen, and oil and gas 
sectors?*®. It is increasingly clear that whereas the hydrocarbon sector has created significant economic benefits 
(employment, royalties), the magnitude of reclamation liabilities (legacy of industrial footprint, contaminated 
surface and subsurface water, loss of natural plant communities) are also substantial. Given the challenges in 
securing adequate funds and regulations to ensure good reclamation within the bitumen, oil, and gas sectors, it is 
equally reasonable to expect significant future reclamation liabilities in the coal sector. 


In the absence of detailed mine closure plans for each of the eight prospective mines examined in this study, we 
have selected a reclamation scenario based on known reclamation trajectories observed in Teck’s coal leases in the 
Elk Valley during the past 50 years?*? (Figure 59). Although our simulations do examine the areal extent of mine 
reclamation, it is beyond the scope of this project to examine site-specific dynamics of hydrological function 
associated with reclamation techniques. 


Our study attempts to estimate a range of mine reclamation costs associated with the coal mines in the ORW 
headwaters. To do so, we have reached out to McKenna Geotechnical, as this company has worked for both 
proponents and opponents of the ORW coal mines and has significant expertise in this arena. Their analyses 
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suggest that actual costs can range from $25K/ha (minimal; most simple sites or most rudimentary efforts), S100K 
(medium; likely to meet regulatory standards) to $175K (high; more typical of challenging topographic sites). Low 
values typically reflect minimal reclamation efforts and low standards on simple sites; high costs generally reflect 
more comprehensive efforts on more complex mountainous landscapes. These costs reflect a variety of key 
reclamation components (re-grading, cover-soils, removal of infrastructure, vegetation seeding and planting, 
lightly armored drainage channels, and monitoring for 10 years). These costs do not, however, incorporate 
important costs associated with the reconstruction of surface water channels (S2-4K/ha), soft tailings (S200- 
1,500K/ha), water treatment plants (generally $30-100 M each), or other assorted components. 


A consideration of mine reclamation dynamics in Alberta, focusing on wetland systems, was completed by Foote?*° 


(2012). He estimates that 6% of net profits would need to be directed to reclamation if adequate wetland 
dynamics are to be restored, that significant uncertainty attends mine reclamation efforts, and lengthy time 
periods (centuries) are required to assess actual reclamation performance. 


Alberta’s Mine Financial Security Program has been determined as deficient by a 2015 Alberta’s Auditor General 
report**?. In a new report issued 10 June 2021, the Auditor General found that the Government has failed to rectify 
these problems in the intervening six years. Moreover, even though significant footprint is associated with the 
exploration phase of coal mining, the Government of Alberta does not require any securities bonds for exploration 
activities of coal companies. 
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Figure 59. Temporal comparison of net coal mining (taking reclamation into account) and gross coal mining 


footprint area in the Elk Valley. Source: https://www2.gov.bc.ca/assets/gov/environment/natural-resource- 
stewardship/cumulative-effects/draft_elk_valley_ ceam 12122018.pdf. The difference between the gross mining 


area (red line) and the net mining area (blue line) reflects the ~25% of mining area that was reclaimed after 50 
years of mining. 
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Tourism on the East Slopes 


Tourism is an important component to Alberta’s economy, contributing about $8.5 Billion/yr, supporting 19,000 
businesses and responsible for over 127,000 jobs (Alberta Tourism, 2020). Although quantifying the precise 
fraction of this revenue and employment to the East Slopes is challenging, all Albertans understand the key role 
the East Slopes play to the overall economic viability of tourism and recreation. Alberta’s East Slopes have been 
recognized by both the global Greens Destination?” and the Top 100 Sustainable Destination**7,™ initiatives for its 
significance to sustainable tourism. 


A 2011 economic study completed by Econometric Research Ltd on Kananaskis Country**’, a landscape very similar 
to the ORW headwaters examined in this report, contributes the following economic outputs (units refer to 2011) 
each year: 


e 1,103,000 visits 

e $202.5 M of value-added economic impact 
e 3,023 full time equivalent jobs 

e $125.4 M in wages and salaries 

e $117.2 M in total tax revenue 


It would be logical that the economic contributions of the ORW headwater landscape is similar to these values 
described above, or have the potential to generate these economic values, as demand for tourism and recreation 
based activities continue to grow in Alberta. 


The draws for tourists are many-fold but include aesthetic appeal, the rugged Rockies, clean flowing rivers, and 
pristine lakes. Extensive coal mining is likely to imperil the attraction of Alberta’s east slopes as a tourism 
destination. It is also likely that coal mining will stigmatize Alberta with an international reputation as a “bad 
player” on the climate change stage. While the list of countries banning or decommissioning coal mining continues 
to expand quickly, Alberta’s current administration has the dubious distinction as a jurisdiction that has labelled 
coal mining as a key ingredient to its economic future. 
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Figure 60. Mountain biking is one of many different back-country and front-country forms of recreation and tourism. Source: To 
DoCanada; https://www.google.com/search?q=tourism+crowsnesttpass&rlz=1C5CHFA_enAU840AU840&sxsrf=ALeKkO3yaua_zLGU4aciP3AL2Yn8JEZGB 
A:1623295658189&source=Inms&tbm=isch&sa=X&ved=2ahUKEwiM-cjlj4zxAhUJ-Z4KHV1XBKcQ_AUoAXoECAEQAW&biw=2097&bih=1231#imgrc=JLX_W- 


O1CuwztM 


Assessing Watershed Scale Consequences of Coal Mining in the Headwaters of the Oldman River Watershed 75 


Coking Coal, Steel Production and the Push to Net Zero 


Whereas Canada’s federal and provincial governments have recognized the GHG-related importance of 
decommissioning coal plants that convert coal energy into electricity (thermal coal), there is much greater 
hesitancy to adopt a similar policy direction when it comes to metallurgical coal. Historically, the international 
demand for coking coal has been high (Figure 61, Figure 62), and the upstream production costs of coking coal are 
comparatively low if actual environmental costs are externalized. The coal sector is a powerful lobby*°, and has 
been effective at pressuring governments to continue to support coal production’. 


Alberta has large volumes of high quality, low-sulphur coal, so it is understandable that international capital is 
mobilized to develop these deposits in southwest Alberta and the adjacent Elk Valley in BC. A recurrent argument 
by the coal sector is that coking coal is the only viable option in the production of steel. A review of this argument 
indicates that viable alternative technologies to coal have emerged. The efficiencies of coal alternatives (such as 
blue or green hydrogen) in steel production processes will only become higher, and their costs lower, as these 
technologies benefit from additional research in this emerging technology’. 


Undeniably, coal mining is currently a cheap method for producing energy, as one is essentially digging existing 
energy out of the ground that was produced by millions of years of plant decomposition and compression. While 
renewable sources of energy (wind, solar, hydro) have been historically more costly as an energy source for 
production of hydrogen used in steel production, the cost gap is narrowing quickly**’. When the true costs 
(inclusive of natural capital) of coal mining and combustion are examined, then coal becomes a more costly and 
less desirable alternative to emerging hydrogen technologies that are carbon free and becoming incrementally less 
expensive. A review of the issue of coking coal in the steel production process is examined in more detail by: 


e https://wildsight.ca/2020/06/01/do-we-really-need-steelmaking-coal 
e = https://www.letstalkaboutcoal.co.nz/future-of-coal/making-steel-without-coal 
e  https://thenarwhal.ca/steel-coal-mining-hydrogen 
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Figure 61. Historical global consumption of coal. Source: https://euracoal.files.wordpress.com/2014/09/ciae2013-fig7t1.pn 
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Figure 62. World traded coal flows in 2015 (VDkKi, 2016). Source: https://euracoal.eu/coal/international-coal-trade/ 


The literature describing the adverse global consequences of GHG emissions from the coal, oil and gas sectors to 
climate change is rigorous and beyond scientific reproach?’’. During the past several decades, however, these 
findings have been vigorously denied by individuals and sectors promoting continued growth and investment in 
the conventional hydrocarbon sector. What is at stake on both sides of this argument is incalculably immense, so it 
is unsurprising that jurisdictions like Alberta whose economies are highly dependent on non-renewable oil and gas 
sectors are reluctant to embrace the transition to renewable energy supply chains. 


Although the ultimate conclusion of this debate and necessary societal action is clear, the challenge confronting 
Alberta and Albertans is when and how to adopt broad policy actions that safeguard its own natural capital, reduce 
its contributions to global emissions, and position it to benefit economically from the renewable technologies and 
land uses that have now begun to shape global economies. 


At the time that the Alberta Government is actively promoting a new era in East Slopes coal mining, the 
International Energy Agency (IEA) has just released its NET Zero by 2050. A Roadmap for the Global Energy Sector 
(2021). Their vision entails a complete transformation of the global energy system, one where investment in 
conventional coal, oil and gas projects is rapidly abandoned and directed to renewable energy systems. In their Net 
Zero (NZ) scenario, the IEA report lays out the future trajectory of each element in the energy mix. Their summary 
comments on the future of coal are: 


No new coal mines or extensions of existing ones are needed in the NZE (net zero emission) as coal demand declines 
precipitously. Demand for coking coal falls at a slightly slower rate than for steam coal, but existing sources of 
production are sufficient to cover demand through to 2050. Such a decline in coal demand would have major 
consequences for employment in coal mining regions (see Chapter 4). There is a slowdown in the rate of decline in 
the 2040s as coal production facilities are increasingly equipped with CCUS (carbon capture, utilisation and 
storage): in the NZE, around 80% of coal produced in 2050 applies CCUS. Excerpt from Net Zero by 2050 (2021) 


One week after the IEA announcement, the G7 (May, 2021)*** committed to stop financing all overseas coal 
projects. Their communique includes the following: 


“Consistent with this overall approach and recognising that continued global investment in unabated coal 
generation is incompatible with keeping 1.5C within reach, we stress that international investments in unabated 
coal must stop now and commit to take concrete steps towards an absolute end to new direct government support 
for unabated international thermal coal power generation by the end of 2021, including through Official 
Development Assistance, export finance, investment, and financial and trade promotion support.” 
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Most recently in June 2021, the Global Energy Monitor published a report entitled Deep Trouble, Tracking Global 
Coal Mine Proposals., which documents that an additional 2.3 BTA (Billion Tonne/Year) of coal production is 
currently under development globally (Figure 63). The United Nations and numerous other research organizations 
have computed that global coal production would need to decline by ~11%/annually if a 1.5 °C threshold is not to 
be breached?*. This report also notes that Canada has 33 coal mines currently in the pre-construction phase and 6 
in construction. 


Given the evolving state of knowledge on the climate change/GHG crisis, promoting a new coal trajectory in 
Alberta’s East Slopes would have been somewhat understandable in the 1950s, highly questionable in the 1990s, 
but incomprehensible and indefensible today. 
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Source: Global Coal Mine Tracker, Global Energy Monitor, January 2021 





Figure 63. Coal mining capacity under development (MTA). Source: Global Coal Mine Tracker. 
https://globalenergymonitor.org/wp-content/uploads/2021/05/CoalMines_2021_r4.pdf 
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Conducting Proper Cumulative Effects Assessments 


Although the structure and methodologies of proper cumulative effects assessments have been widely 
described’, they are seldom endorsed or conducted in Canada by provincial or federal governments/agencies 
charged with sustainable resource mandates’***. A recent review by the Council of Canadian Academies*”? 
entitled Greater Than the Sum of Its Parts: Toward Integrated Natural Resource Management in Canada, highlights 
the need for a fundamentally new approach to examining sustainability on regional landscape shaped by multiple 
overlapping land uses. There are several reasons why government and industry resist following the well 
understood principles of cumulative effects assessments, but arguably the most important reason is fear that its 
methodological outcome would reveal the magnitude of environmental liabilities, and that this knowledge might 
interfere with capital investment or economic growth. Because of persistent tendencies to externalize the 
economic value of natural capital, many in government and industry struggle to understand that sustainable 
management of ecosystems is fundamental to securing long-term economic prosperity. This puts them at odds 
with embracing the principles of rigorous cumulative effects assessments. 


A timely example of the lack of a proper cumulative effects ideology is how the Government of Alberta and the 
coal sector has framed the conversation about the prospects for extensive coal mining in Alberta’s East Slopes. 
Four of the hallmarks of proper cumulative effects assessments relate to systems integration, multi-stakeholder 
participation, spatial scale, and temporal scale. If assessments of coal mining do not adequately address all of 
these interacting benchmarks, then there cannot be an informed conversation about both the benefits and 
liabilities of coal mining. If these principles are ignored, then the landscapes of the East Slopes, and Albertans, are 
put at risk. 


Systems Integration. The watersheds of the East Slopes, such as the ORW, are biophysical systems, complete with 
physical, biotic, human, and landuse components and their myriad inter-actions. From a human perspective, we 
often think of these systems through the lens of social, economic, and environmental performance. These 
components interact, in ways we understand and in ways we do not. Altering one or more of the system 
components will invariably cause others to adjust and respond. There are many hundreds of components to the 
ORW system and many tens of thousands of interactions. To date, a systems-based approach to examining coal 
mining in the East Slopes against the full suite of land uses and natural disturbance regimes has not been 
requested or completed. Given the important role that headwater basins play to system elements (water quantity, 
water quality, carbon movement, fish dynamics, wildlife corridors) it is certain that coal mining will affect many, if 
not most, components of the ORW system that lie downstream from mines. To date, the materials submitted as 
part of the Grassy Mountain EIA adopt a silo approach that does not reflect an integrated system. As such, it is not 
possible to understand how coal mining is likely to interact with other land uses (irrigation, livestock, recreation, 
residential, forestry), and key ecosystem dynamics that involve air quality, soils, carbon pools, water, and 
biodiversity. 


Multi-Stakeholder Inclusivity 


Cumulative effects assessment recognize and incorporate all land uses (land users) affecting a regional watershed, 
and as such all stakeholder groups need to be part of the discussion that identifies performance indicators (social, 
economic, environmental), identifies scenarios to be explored, and informs relevant spatial and temporal scales of 
the project. The Government of Alberta failed to recognize this key principle, and the loud response from 
awakened Albertans subsequently catalyzed a consultation process in the wake of this anger. The existing 
consultation process is not in any way a cumulative effects project, but does hopefully set the stage for initiating 
one. 


Meaningful Spatial Scale 


What is abundantly clear is that the current administration of the Government of Alberta, the Canadian Coal 
Association, and prospective coal mining companies, wish to see a large coal mining trajectory in Alberta’s East 
Slopes. This spatial magnitude has been well documented through an examination of existing leases, existing coal 
mining proposals, and the numerous websites of coal mine companies seeking investment capital. Despite this 
information, the Government of Alberta has to date confined its regulatory processes to a single coal mine: Grassy 
Mountain. This narrow, myopic and misleading focus precludes all stakeholders from a robust opportunity to 
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understand the full suite of benefits and liabilities that would attend such a new and expansive land use trajectory 
in the East Slopes. 


Meaningful Temporal Scale 


The appropriate “time” scale for robust cumulative effects assessment is one that allows the current and 
foreseeable projects to unfold in relevant temporal and spatial scale. So let’s call it for what it is. The coal 
proponents (Government of Alberta, Canadian Coal Association, investors) wish to develop and implement a new 
and expansive coal play along Alberta’s East Slopes that could produce more than 1 Billion tonne of coal, create 
thousands of jobs, and generate large profits to investors. But in doing so it will also transform hundreds of square 
kilometers of natural landscape, consume significant volumes of water, emit large volumes of GHG, and contribute 
toxins such as selenium and calcite into the waterways that provide the lifeblood to all downstream land uses. This 
is the classic benefit and liability dynamic that attend all land use considerations. Only by exploring the fullest 
vision (in both time and space) of this coal mining concept can Albertans hope to understand what is at stake. 


The Bottom Line 


The Government of Alberta has devised a new and regional land use plan based on large-scale coal mining in 
Alberta’s East Slopes. Senior government leadership has engaged with investors from Australia (and elsewhere), 
who have, in turn, focused their interactions, to date, with Alberta Energy and selected communities in the 
Crowsnest Pass. But what is at stake is not confined to the “Pass”. Both the benefits (jobs, royalties, rents) and 
liabilities (loss of watersheds and biodiversity, GHG emissions, water and air pollution) will affect all Albertans, not 
only today but for innumerable generations to come. The decisions of the provincial and federal governments on 
this key issue will also say much to a global audience and our international visitors about what is important to this 
province and country. This is a decision worth getting right. Like most difficult decisions, it deserves and demands 
an appropriate arena for meaningful consultation. 
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Modelling Methodology 


A detailed description of the methods used for assessing water quality and quantity are provided by Chernos et al. 
(2021). 


Key Performance Metrics 


Following discussions with LLG, it was agreed that this project would generate a set of “what-if” simulations 
examining different future levels of coal production, climate change, and water emission toxins (selenium) capture 
rates. For each of these simulations, a set of outputs would be generated for each of the key performance metrics 
listed below (Table 4). These performance indicators are believed to provide insight into the potential 
consequences of coal mining in watershed integrity of the ORW. 


Table 4. Key performance indicators examined in this study. 


Performance Indicator Unit 


e Water Quantity 


o Surface Water Discharge m?/yr 
o Total Water Use m?/yr 
o Water Remaining for Instream Flow m?/yr 


e Water Quality 
o Total Selenium Production (load) kg 
o Dissolved Selenium Concentration ug/liter 


e Climate Change and GHGs 
o CQrxe tonne/year 


e Landscape Metrics 
o Loss of Stream and Riparian Area ha 
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Incorporating the Elk Valley into our project methodology. Is coal mining there a 
reasonable reference site for the ORW? 


The coal mines proposed for the headwaters of the ORW are precisely that — proposals. They do not yet exist as 
active mine sites and these “proposals” do not currently yield “local” datasets that scientists can study. As such, 
some key pieces of information on coal geology and exploration, waste rock dynamics, mine development and 
reclamation schedules, water demand, and coal-related emissions (Se, PM2.5, ...) must be inferred from other 
comparable data sources. As part of Alberta’s environmental impact assessment process?*, most coal mining 
proponents offer insights into the expected metrics for their projects. These data sources are most helpful and 
have been extensively adopted in this study. Examples would be the documents submitted as part of the Grassy 
Mountain Coal Project!” and the Tent Mountain Coal Project?®. 


The ORW coal study is fortunate in that the Elk Valley is immediately west (10-20 km) and has been extensively 
mined for coking coal during the past several decades (Figure 10,Figure 64, Figure 65). In the Elk Valley, annual coal 
production is approx. 30-35 MTA and has been estimated at a cumulative (since 1890) volume of 830 million 
tonnet”, Estimated total area disturbed by coal mining (as of 2020) is ~14,000 hat® (Figure 65). It is interesting 
that the MTA (23.95 MTA), cumulative volume (693.8 MT), and area of disturbance (9,411 ha) proposed by the 
eight combined ORW coal projects examined in the ORW study are very similar to the Elk Valley analog 
immediately to the west. In comparison, the coal simulation trajectory in this study creates a footprint of 65% and 
a volume 83.5% of that in the Elk Valley over a similar 5 decade interval. 


Where information on proposed ORW coal projects do not exist, the historical information gained in the Elk Valley 
is considered a robust reference source (Figure 64). The coal resources of both of these regions share the same 
geologic origin (Mist Mountain Formation). The technical value of comparing coking coal dynamics in SE BC and SW 
AB is emphasized by Atrum Coal in their online publications*™. 
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The East Kootenay coalfields 


sA British Columbia Geological Survey Information Circular 2018-6 
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Figure 65. (Upper) Coal mine area in the Elk Valley during (left to right) for 1950, current, and Reference, Minimum, and 
Maximum scenarios in 2065. (Bottom) Temporal comparison of net coal mining (taking reclamation into account) and gross coal 


mining footprint area in the Elk Valley. Source: https://www2.gov.bc.ca/assets/gov/environment/natural-resource- 
stewardship/cumulative-effects/draft elk valley ceam 12122018.pdf. The difference between the gross mining area (red line) 


and the net mining area (blue line) reflects the ~25% of mining area that was reclaimed after 50 years of mining. 
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Simulation Methodology 


The simulations contained in this study (Table 5) focus primarily on coal mining but do so while examining other 
dynamics (climate change, other land uses, water supply, water demand) important to the ORW itself and its 
residents. 


This project reflects a simulation methodology that incorporates a quantitative understanding of the climate and 
land use history of the ORW, and then projects the landscape and its dynamics forward under different 
combinations of coal mining, land use and climate. By exploring different combinations and levels of these factors 
(i.e., sensitivity analyses), it is possible to gain insights into the relative probability of meeting management 
objectives or encountering issues that prevent obtaining desired futures. 


The matrix table below visualizes the scenarios completed in this project. 


e Inthe 1st set (light green) of scenarios (1-3), both climate and non-coal land uses are held constant (as per 
current conditions) and only coal mining is allowed to change. 


e Inthe 2nd set (orange) of scenarios (4-6), both climate and coal mining are allowed to change. 


Scenario Definitions 


Within each simulation set, a “low” coal mining simulation occurred where no new coal production occurs. The 
second simulation level is defined as “medium” and included the activities of Grassy Mountain and Tent Mountain 
coal projects. This medium scenario produces 106.9 MT of coal over the 50-year simulation period with a 
maximum annual rate of 5.875 MTA. The last simulation level is referred to as “high”, and included all of the major 
prospective projects (Riversdale’s Grassy Mtn, Montem’s Tent Mountain, Atrum’s Elan South and Isolation South, 
Montem’s Chinook Vicary, 4-Stack, and Isola). The High scenario produces 693.8 MT of coal over the 50-year 
simulation period with a maximum annual rate of 23.95 MTA. 


Table 5. Matrix of “what-if” simulations involving coal mining, climate change and land use change, examined in this study. Coal 
MTA values reflect maximum annual values. 


Scenarios Coal Trajectory Climate Change 
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Selecting Prospective Coal Mines for Simulation 


This study examines the potential effects of 8 separate proposed coal mining projects on key performance 
indicators. Two of these coal projects (Grassy Mountain, Tent Mountain) are further along in terms of their 
regulatory approval, whereas the other 6 exist at an earlier stage in their regulatory assessment. Existing details on 
these projects is summarized in Table 6. It is important to understand that we are using the best available 
information (submissions to Government of Alberta, analyses by consultants, investor reports), to simulate the key 
elements of these mines (location, area, production, reclamation, waste rock production). We do not suggest that 
we are simulating all aspects of the mine correctly, or that these individual projects will ever come to exist. Our 
intent is to use these prospective mines as a reasonable template to illustrate both the benefits and liabilities that 
would attend such a prospective coal mining trajectory. 


Table 6. Summary of key coal mining project metrics. 





Time Frame 


The time frame (future simulation period) for this project is 50 years. This period is considered an appropriate 
temporal scale to assess the incremental cumulative effects of a coal mining and subsequent reclamation 
trajectory. It also reflects the approximate elapsed time since the onset of coal mining in the Elk Valley 
immediately to the west of our study area. 
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Final Spatial Delineation of Surface Coal Mines for Simulations 


Based on best available information on coal lease boundaries, coal project boundaries, coal mine proposals, 
underlying coal deposits, and coal test bore locations, the IEG team (see Chernos et al., 2021) delineated coal 
mining activity regions (Figure 66) that are used in this project for simulating “plausible” trajectories for production 
of coal (Figure 80, Figure 81) and waste rock (Figure 82, Figure 83). 


Chinook 
Vicary 





Figure 66. Boundaries of coal mine leases (exterior polygons) and surface activities (interior polygons) in the headwaters of the 
ORW. 
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Modelling Results 


How do key indicators respond to coal mining? 


In the low coal mine development scenario, no coal mines proceeded and as such there are no coal-related metrics 
to present. Under the medium coal development scenario, only the Grassy Mtn and Tent Mtn projects are allowed 
to proceed to operational status. In the high coal development scenario, all 8 prospective mine projects (Grassy 
Mtn, Tent Mtn, Elan South, Isolation South, Cabin Ridge, 4-Stack, Isola, and Chinook/Vicary) were simulated. 


The spatial representation of coal mines under medium and high growth trajectories are mapped at 10 year 
intervals (Figure 68 - Figure 78). Over the full 50 year simulation, the average annual (and maximum annual) and 
cumulative values for each of land development area (ha), coal production (clean metric tonne), waste rock 
deposition volume (m°), selenium production (grams), water use (m°), reclaimed area (ha), reclaimed area liability 
(S),and COze emission (tonne) are provided in tabular (Table 7) and graphic output (Figure 79 - Figure 101). 


Medium Coal Development Scenario (Grassy and Tent Mountains) 


By year 50 (2072), 1,608 ha (16.08 km?) will be disturbed by active mining pit and waste rock deposition, which will 
result in the production of 106.9 M tonne of clean coal, and a total of 1.0 B tonne of waste rock that is moved and 
deposited. In total, ~1.2 km? (cubic kilometers) of material (coal and overburden) will be moved during this 50 year 
simulation. Almost all area disturbed is currently natural habitat types. As such, all or nearly all of stream and 
riparian habitat within the mine boundary will be destroyed or transformed by mine activities. These features will 
be lost for most of the 5 decade period of the simulation. Assuming surface drainage is reconstructed on these 
mine sites to current regulatory standards, their functional ecosystem value remains unproven. A total of 103 
tonne of selenium will be generated by these two mines over the 50 year simulation. This represents an average of 
2.074 tonne/year, respectively. Water use is estimated at 0.436 M (average annual) and 21.8 M m?, cumulatively. 
The maximum annual use of water is 1.2 M m?/yr. The fraction of local annual water yield consumed by coal 
mining (gross water allocation) is estimated to exceed 40% (for example, Blairmore Creek) of seasonal flow during 
late summer and early winter months. 


Greenhouse gas emissions (full life cycle of CO2e) related to these mines is estimated at 293 M tonne cumulatively 
and an average annual emission of 5.88 M tonne/year (full life cycle). 


By the end of the 50 year simulation, approximately 402 ha (25%) of the total disturbed area will be reclaimed to 
vegetative cover. The total reclamation cost over the 50 years is estimated at $0.81 M/yr (cumulative of $40.2 M) 
but 75% will remain unreclaimed at year 50 (2072), which represents a further reclamation liability of $120.6 
Million. 


The simulated concentration of dissolved selenium (ug/liter) for selected downstream locations are shown in 
Figure 116 and Figure 117. At the headwaters proximal to coal mines, selenium concentrations are comparatively 
high and frequently exceed health thresholds during late summer/early winter months and particularly during 
those years of low precipitation. Selenium concentration is incrementally reduced with distance downstream from 
the mine sites as additional water volume from unaffected basins dilute the selenium. Conditions most conducive 
to selenium exceedances occur during winter months during years of low precipitation. As such, climate change 
scenarios that contribute to higher frequency and magnitude of drought years are likely to exacerbate issues 
related to selenium toxicity. 


The water use by coal mines is small in comparison to irrigation demands, but can represent as much as 5% of the 
annual water budget for the cattle population within the ORW. Existing water use in the ORW is approaching 
maximum allocations limits and as such additional water demands of coal mining contribute to less future 
flexibility, particularly when climate change scenarios are considered and if existing land uses chose to expand. 


High Coal Development Scenario (all 8 coal mine projects are activated) 
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By year 50 (2072), 9,411 ha will be disturbed by active mining pit and waste rock deposition, which will result in 
the production of 693.8 M tonne of clean coal, and a total of 6,026.7 M tonne of waste rock that is moved and 
deposited. In total, ~6.7 km? of material (coal and overburden) will be moved during this 50 year simulation. 
Almost all area disturbed is currently natural habitat types. As such, all or nearly all of stream and riparian habitat 
within the active mining boundaries of the eight mines will be destroyed or significantly altered. These features 
will be lost for most of the 5 decade period of the simulation. Assuming surface drainage is reconstructed on these 
mine sites, their functional ecosystem value remains unproven. A total of 281 tonne of selenium will be generated 
by these eight mines over the 50 year simulation. This represents an average of 5.618 tonne/year, respectively. 
The fraction of this gross production that is released into water will depend largely on how successful coal 
companies are in recovering or extracting selenium. Recovery fractions exceeding ~95% will be required to reliably 
keep selenium below current performance thresholds. Water use is estimated at 2.831 M m?/yr (average annual) 
and 141.5 M mè, cumulatively. The maximum annual allocated use of water is 4.89 M m?/yr. The fraction of local 
water yield consumed by coal mining can be as high as 40% for seasonal stream flow at creeks such as Blairmore 
Creek immediately below the proposed coal mine. 


Greenhouse gas emissions (full life cycle of CO2e) related to these mines is estimated at 1,908 M tonne 
cumulatively and an average annual emission of 38.2 M tonne/year (full life cycle). 


By the end of the 50 year simulation, approximately 2,405 ha (25%) of the total disturbed area will be reclaimed to 
vegetative cover. Reclamation costs average $4.7 M/yr, with a cumulative expenditure of $235.2 M, but 75% of the 
disturbed mine area will remain unreclaimed at year 50 (2072), which represents a further reclamation liability of 
$705.8 Million. 


The simulated concentration of dissolved selenium (u/liter) for selected downstream locations are shown in Figure 
116 and Figure 117. At the headwaters proximal to coal mines, selenium concentrations are comparatively high 
and are expected to consistently exceed health thresholds during the simulation period. Selenium concentrations 
are higher in the high growth scenario than in the medium growth scenario because of the greater total loading of 
selenium in the headwaters. Our results indicate that selenium concentration is incrementally reduced with 
distance downstream from the mine sites as additional water volume from unaffected basins dilute the selenium. 
In all cases, selenium concentrations are highest during dry years and those months where stream flow is lowest 
(late summer to early winter). Conditions most conducive to selenium exceedances occur during winter months 
during years of low precipitation. As such, climate change scenarios that contribute to higher frequency and 
magnitude of drought years are likely to exacerbate issues of selenium toxicity. 


The water use by coal mines is small in comparison to irrigation demands but can represent as much as 15.7% of 
the annual water budget for the cattle population within the ORW. 


Table 7. Average and cumulative values for key variables over the full 50 year simulation. Note: Production lifespan of individual 
mines are generally lower than the 50 year simulation. (Values in parentheses () reflect the maximum value for any simulation 
year) 


[Variable | Units | Low Development Scenario | High Development Scenario 
Mean Annual Cumulative Mean Annual Cumulative 
Max annual in () Max annual in () 
Area Disturbed 32.2 (137) 1,608.0 188.2 (326) 9,411.0 


Coal Produced 2.138 (5.875) 106.9 13.87 (23.95) 693.8 
Waste Rock Deposition 20.7 (66.3) 1,036 120.5 (204.3) 6,026.7 
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Spatial Mapping of Coal Mines 


Medium Growth Scenario (Grassy and Tent Mountain Coal Projects) 


In the medium coal development scenario, the initial coal mine footprint (from legacy mines of Grassy Mtn, Tent 
Mtn) of 6.84 km?, grows to a maximum of ~23.01 km? by the end of 5 decades (Figure 67). The decade by decade 
trajectory of this development scenario is shown in Figure 68-Figure 71. 





Figure 67. The ultimate cumulative footprint of the medium coal growth scenario that includes only the Grassy Mtn and Tent 
Mtn coal project proposals. 
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Figure 68. Extent of cumulative footprint area (2022) at start of Medium Growth simulation prior to the development of 
prospective coal mines in the ORW. Footprints represents current coal mines of Grassy Mtn and Tent Mountain. 
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Figure 69. Extent of cumulative footprint area (Yr 2032) at end of Decade 1 of the Medium Growth simulation of the 
development of prospective coal mines in the ORW. 
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Figure 70. Extent of cumulative footprint area (Yr 2042) at end of Decade 2 of the Medium Growth simulation of the 
development of prospective coal mines in the ORW. 
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Figure 71 Extent of cumulative footprint area (Yr 2052-2072) at end of Decade 3-5 of the Medium Growth simulation of the 


development of prospective coal mines in the ORW. By the end of Decade 3, no further development is occurring on the mine 
site. 


High Growth Scenario (all eight coal mines) 


In the high coal development scenario, the initial 2021 coal mine footprint (from legacy mines of Grassy Mtn, Tent 


Mtn) of 6.84 km?, grows to a maximum of ~93.46 km? by the end of 5 decades (Figure 72). The decade by decade 
trajectory of this development is shown in Figure 73-Figure 78. 
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Figure 73. Extent of cumulative footprint area (2022) at start of simulation prior to the development of prospective coal mines in 
the ORW. Footprints represents current coal mines of Grassy Mtn and Tent Mountain. 
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Figure 74. Extent of cumulative footprint area ( Yr 2032) at end of Decade 1 of the High Growth simulation of the development of 
prospective coal mines in the ORW. 
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Figure 75. Extent of cumulative footprint area (Yr 2042) at end of Decade 2 of the High Growth simulation of the development of 
prospective coal mines in the ORW. 
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Figure 76. Extent of cumulative footprint area (Yr 2052) at end of Decade 3 of the High Growth simulation of the development of 
prospective coal mines in the ORW. 
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Figure 77. Extent of cumulative footprint area (Yr 2062) at end of Decade 4 of the High Growth simulation of the development of 
prospective coal mines in the ORW. 
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Figure 78. Extent of cumulative footprint area (Yr 2072) at end of Decade 5 of the High Growth simulation of the development of 
prospective coal mines in the ORW. 
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Disturbance Area 


In the medium coal development scenario, the initial 2021 coal mine footprint (from legacy mines of Grassy Mtn, 
Tent Mtn) of 6.84 km2, grows by an additional area of ~16.00 km? by the end of 5 decades (Figure 79). The decade 
by decade trajectory of this development is shown in Figure 80. 


In the high coal development scenario, the disturbance area of coal mining grows to 9,411 ha by the end of 5 
decades (Figure 80). The decade by decade trajectory of this development is shown in Figure 80. 
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Figure 79. Annual (upper) and cumulative (lower) area of active coal mining under the Medium Growth Scenaro. 
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Annual Mine and Overburden Area Developed (ha/year) 
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Figure 80. Annual (upper) and cumulative area (lower) of coal mining under the High Growth Scenaro. 
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Coal Production 


In the medium coal development scenario, coal production (CMT) rapidly grows to a maximum of ~5.84 M 
tonne/year (~Year 10-12) with annual productions varying between 3.8 and 5.5 M tonne throughout the 20-25 
year production lifespan (Figure 81). Cumulative coal production is ~107 M tonne (Figure 81). 


In the high coal development scenario, coal production grows rapidly during the first 25 decades and peaks at 
~23.9 M tonne/year (~Year 20-25). Cumulative coal production is ~693.7 M tonne (Figure 82). 
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Figure 81. Annual (upper) and cumulative (lower) production (tonne) of clean coal under the Medium Growth Scenario. 
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Annual Coal Production (CMT, tonne/year) 
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Figure 82. Annual (upper) and cumulative production (tonne) of clean coal under the High Growth Scenario. 
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Waste Rock Production 


In the medium coal development scenario, waste rock displacement grows rapidly to a maximum of ~65 M 
m?/year (~Year 10-12) with annual productions varying between 40 and 55 M m° throughout the 20-25 year 
production lifespan (Figure 83). Cumulative waste rock production and displacement is ~1.1 B m? (Figure 83). 


In the high coal development scenario, waste rock displacement grows rapidly to a maximum of ~200 M m?/year 
(~Year 10-12) with annual productions typically varying between 80 and 120 M m? throughout the 50 year 
production lifespan (Figure 84). Cumulative waste rock production and displacement is ~6 B m? (Figure 84). 
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Figure 83. Annual (upper) and cumulative (lower) production (tonne) of waste rock under the Medium Growth Scenario. 
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Figure 84. Annual (upper) and cumulative (lower) production (tonne) of waste rock under the High Growth Scenario. 
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Visualizing the Volume of Earth Disturbed by Coal Mining 


The volume of coal produced in the ORW headwaters over 5 decades is estimated at 130 M tonne and 770 M 
tonne under the medium and high growth scenarios, respectively. The mining of coal requires the removal of 
overburden material and the subsequent displacement of this material as waste rock. Waste rock is of lower 
density (tonne/m?) than overburden because it has been blasted by explosives prior to its displacement. The 
stripping ratio (m? of overburden per tonne of coal) varies between the mine sites but averages about 10:1. The 
total amount of material (coal plus overburden) displaced by all coal mining activities is estimated at 1.3 B m? (1.3 
km?; cubic kilometers), and 6.7 B m? (6.7 km?; cubic kilometers) during the medium and high growth scenarios, 
respectively. The overall topography of the mined landscape will experience a re-structuring in the order of 6-7 
cubic kilometers. In general, higher elevation areas will be reduced in elevation, and lower elevation areas will 
increase in elevation. 


As a potential reference that resonates better with stakeholders, we calculated the volume of the iconic Crowsnest 
Mountain (Figure 85), which is perhaps the best known topographic feature in the ORW. The volume of waste rock 
and coal that will be displaced or moved is estimated at 1.0 and 5.4 “Crowsnest Mtn units” for the medium and 
high coal mine growth scenarios, respectively. 
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Figure 85. Crowsnest Mountain as a reference point for visualizing the volume of displaced coal and overburden rock. 
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Selenium Loading 


In the medium coal development scenario, annual selenium production (load) grows in a linear manner from years 
1-22 and levels off at ~2.75 tonne/year (=2,750 kg/yr or 2.75 M grams/year) throughout the remaining 50 year 
simulation (Figure 86). Cumulative selenium production during the 5 decade simulation exceeds 100 tonne of 
selenium (Figure 86). 


In the high coal development scenario, annual selenium production (load) grows consistently throughout the 5 
decade simulation, and achieved annual production rates exceeding 10 tonne/year by Year 50. Average annual 
rates are ~5.6 tonne/year throughout the 50 year simulation (Figure 87). Cumulative selenium production during 
the 5 decade simulation exceeds ~280 tonne of selenium (Figure 87). 
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Figure 86. Annual (upper) and cumulative(lower) production (grams) of selenium (Se) under the Medium Growth Scenario. 
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Figure 87. Annual (upper) and cumulative (lower) loading (grams) of selenium (Se) under the High Growth Scenario. 
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Water Use from Coal Mines 


In the medium coal development scenario, gross water use grows rapidly to a maximum of ~1.2 M m?/year (~Year 
10-12) with annual use varying between 0.8 and 1.1 M m? throughout the 20-25 year production lifespan (Figure 
88). Cumulative gross water use throughout the 5 decade simulation is ~22 M m? (Figure 88). 


In the high coal development scenario, water use grows rapidly between Year 1 and 25 to a maximum of ~4.9 M 
m?/year, and then declines during decades 2-5 as coal production gradually declines (Figure 90). Cumulative water 
use throughout the 5 decade simulation is ~140 M m? (Figure 90). 


In both medium and high coal growth scenarios, consumptive water use is 33% of gross water use values (Figure 
89, Figure 91). 
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Figure 88. Annual (upper) and cumulative (lower) gross water use by coal mines under the Medium Growth Scenario. 
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Figure 89. Annual (upper) and cumulative (lower) net (consumptive) water use by coal mines under the Medium Growth 
Scenario. 
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Figure 90. Annual (upper) and cumulative (lower) gross water use by coal mines under the High Growth Scenario. 
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Figure 91. Annual (upper) and cumulative (lower) net water use by coal mines under the High Growth Scenario. 
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Mine Reclamation Area 


In the medium coal development scenario, the amount of reclaimed area increases to 20-30 ha/yr during decades 
1 and 2 (Figure 92). Cumulative area reclaimed at the end of the simulation is 400 hectares which approximates 
25% of the total disturbed area (Figure 92). In a more practical sense, the cumulative reclamation area is likely to 
be distributed over a longer period of time. 


In the high coal development scenario, the amount of reclaimed area increases to values of 40-70 ha/yr during the 
full simulation period (Figure 93). Cumulative area reclaimed at the end of the simulation is 2,405 ha which 
approximates 25% of the total disturbed area (Figure 93). The cumulative amount of area disturbed and reclaimed 
for the high growth scenario is illustrated in Figure 94. 
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Figure 92. Annual (upper) and cumulative (lower) area (ha) of reclaimed mine site under the High Growth Scenario. 
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Figure 93. Annual (upper) and cumulative (lower) area (ha) of reclaimed mine site under the High Growth Scenario. 





Assessing Watershed Scale Consequences of Coal Mining in the Headwaters of the Oldman River Watershed 111 


Total Disturbed and Reclaimed Area 


E Total Area Disturbed 
E Total Area Reclaimed 


10,000.0 


9,000.0 


8,000.0 





7,000.0 


6,000.0 


5,000.0 


Area (ha) 


4,000.0 
3,000.0 
2,000.0 
1,000.0 


0.0 
1 6 11 16 21 26 31 36 41 46 
Years since 2022 


Figure 94. Cumulative area disturbed (red) and area reclaimed (green) for the high growth coal scenario 
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Mine Reclamation Costs 


In the medium coal development scenario, reclamation costs vary between $1.5-3.0 M/yr during decades 1-3 
(Figure 95). Cumulative reclamation costs over the simulation are $40 M, which contributes to the reclamation of 
~25% of the total disturbed area (Figure 94). In a more practical sense, the cumulative reclamation costs are likely 
to be distributed over a longer period of time. 


In the high coal development scenario, reclamation costs vary between $3-8 M/yr during decades 1-5 (Figure 96). 
Cumulative reclamation costs over the simulation are $235 M, which contributes to the reclamation of ~25% of the 
total disturbed area (Figure 94). 


There is uncertainty about the actual reclamation costs associated with attaining a defined post-mine reclamation 
performance. This variance (from $25K/ha (low), to $100K/ha (medium), to $175K/ha (high)) is expressed in Figure 
97 (medium growth scenario) and Figure 98 (high growth scenario). 
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Figure 95. Annual (upper) and cumulative (lower) reclamtion costs (S) under the Medium Growth Scenario. 
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Figure 96. Annual (upper) and cumulative (lower) reclamation costs (S) under the High Growth Scenario. Based on medium 
reclamation cost estimate of $100,000/ha. 
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Figure 97. Annual (upper) and cumulative (lower) total reclamation costs with variance estimates under the Medium Growth 
(only Grassy and Tent Mtn) Scenario. Mean values (orange) reflect average reclamation standards associated with S100, 000/ha. 
Upper bounds reflect high reclamation standards of ~S175,000/ha and lower bounds reflect minimal reclamation standards of 
$25,000/ha. Note that only 25% of the disturbed area is reclaimed by year 50. 
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Figure 98. Annual (upper) and cumulative (lower) total reclamation costs with variance estimates under the High Growth (all 8 
mines) Scenario. Mean values (orange) reflects average reclamation standards associated with $100,000/ha. Upper bounds 
reflect high reclamation standards of ~$175,000/ha and lower bounds reflect minimal reclamation standards of $25,000/ha. 
Note that only 25% of the disturbed area is reclaimed by year 50. 
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GHG Emissions (full life cycle) 


At a maximum coal production rate (Year 10, 2031) of ~5.875 MTA under the medium growth scenario, annual 
emissions of C02e are estimated at (5,875,000 tonne x 2.75 (full life cycle, CO2ze tonne/tonne of coal production 
16.156 M tonne/year. Over the 50 year life of the 2 mines (Grassy and Tent), a total of 293.4 MT of COze is 
expected to be emitted. These values might be considered conservative in that fugitive gas emissions (methane) 
can be comparatively large’, contribute ~15% of total coal mining-related emissions?™, and these contributions 
are not considered in these analyses. 


oo) 


At a maximum annual coal production rate of ~23.95 MTA under the high growth scenario, annual emissions of 
C02e are estimated at (23,950,000 tonne x 2.75 (full life cycle, COze tonne/tonne of coal production) of 65.9 M 
tonne/year. Over the 50 year life, a total of 1.907 B tonne of CO2e is expected to be emitted. 


For comparison, the total (all sources) annual emission of COze in Alberta has been estimated by the Government 
of Canada to have grown from 170 to 270 MT from 1990 to 2019 (Figure 99). Relative to the 2019 rate, the 
addition of the high coal mine scenario in the ORW headwaters would equate to a full life cycle equivalent of ~24% 
of the current provincial annual emissions. If a high coal mine trajectory is allowed to proceed, the “693 Million 
Tonne of coal produced cumulatively would generate “1.9 B tonne of C02e (full life cycle). At a time where both 
Canada and Alberta’ have made binding agreements to reduce CO2e emissions, this increase associated with a 
new coal mine trajectory in Alberta’s East Slopes will only make achieving these goals more challenging, if not 
impossible. 


In the medium coal development scenario, greenhouse gas emissions (COze tonne/year; full life cycle) vary 
between 10-14 M tonne/yr during decades 1-3 (Figure 100). Cumulative emissions over the simulation are 293 M 
tonne. In the high coal development scenario, greenhouse gas emissions (COze tonne/year; full life cycle) vary 
between 25-60 M tonne/yr during decades 1-5 (Figure 101). Cumulative emissions over the 5-decade simulation 
are 1.91 B tonne. 
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Figure 99. Annual GHG emissions in Alberta for 1990, 2005, and 2019, and in comparison, to other jurisdictions. Source: 
https://www.canada.ca/en/environment-climate-change/services/environmental-indicators/greenhouse-gas-emissions.html 
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Figure 100. Annual (upper) and cumulative (lower) COze emission (full life cycle) under the High Growth Scenario. 
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Figure 101. Annual (upper) and cumulative (lower) COze emission (full life cycle) under the High Growth Scenario. 
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The Loss of Headwater Streams and Riparian Corridors. 


Though small, headwater streams and their adjacent riparian habitats play a critical regulatory function in 
conserving water flow, water quality, aquatic invertebrates, and native fish species, either directly or indirectly*®. 
These natural capital values include, or are affected by, the key indicators (water supply, selenium, Westslope 
cutthroat trout) examined by this study. In the majority of cases, the proposed coal mines in the ORW occur in the 
headwater basins and at these locations streams are small and often intermittent. Examples of the small scale of 
these lotic and riparian systems are shown below (Figure 102). 


The maps (Figure 103 - Figure 110) below show the current distribution of riparian habitat (inclusive of the streams 
themselves and a 50 m buffer) in each of the 8 prospective surface mine sites. The original lotic spatial data is from 
the 2018 ABMI dataset?*’. The analyses below suggest that ~1/3" of all area within the coal mining disturbance 
footprint can be defined as riparian habitat (Table 8). A minimum of 3,213 ha of streams and their adjacent 
riparian habitat will be removed by the activities of surface coal mining. Although examining the precise 
mechanisms within the coal sites that cause mining to affect water flow, water quality, and salmonid populations 
and habitat were beyond the scope of this project, the adverse consequences are widely understood?”®. 


Both WSCT?® and Bull Trout *°° are classified as “Threatened” by the Government of Alberta, and these headwater 
streams and their associated riparian habitat play important roles in the life history of these endangered trout 

‘ee L70 
species 





Figure 102. Examples of small and intermittent streams from the headwaters of the ORW in the vicinity of proposed coal mines. 
Photo Credit: Lorne Fitch. 


Table 8. Area of riparian habitat within the active mining area of 8 prospective coal mines based on a 50 m buffer placed on 
surface lotic (moving) features within the simulated cumulative mined site. 


D | Ka | one | = 
Area (ha) Disturbed (ha) 

Grassy Mountain 

Tent Mountain 

Cabin Ridge 

Elan South 

Isolation South 


Isola 
4-Stack 


Chinook / Viccary 
Total 





*Note that some of the initial riparian habitat on each of Grassy Mountain and Tent Mountain have been removed 
by mining activities associated with legacy coal mines. 
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Figure 103. Grassy Mountain prospective Mine Site showing the distribution of stream riparian buffers (50 m) from surface lotic 
features. Some riparian habitat is missing because of historic mining from legacy coal mining activities. 





Figure 104. Tent Mountain prospective mine site showing the distribution of stream riparian buffers (50 m) from lotic features. 
Some riparian habitat is missing because of historic mining from legacy coal mining activities. 
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Figure 105. Isolation South prospective mine site showing the distribution of stream riparian buffers (50 m) from lotic features. 





Figure 106. Elan South prospective mine site showing the distribution of stream riparian buffers (50 m) from lotic features. 
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Figure 107. 4-Stack prospective mine site showing the distribution of stream riparian buffers (50 m) from lotic features. 





Figure 108. Chinook/Vicary prospective mine site showing distribution of stream riparian buffers (50 m) from lotic features. 
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Figure 109. Cabin Ridge prospective mine site showing the distribution of stream riparian buffers (50 m) from lotic features. 
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Figure 110. Isola prospective mine site showing the distribution of stream riparian buffers (50 m) from lotic features. 
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Hydrological Modelling 


The objectives, methods, analyses and conclusions of hydrological modeling of this project are presented in the 
technical document of Chernos et al 2021. What follows is a synopsis of these findings. 


The Oldman River Watershed (ORW) is an important water source, supplying agricultural, municipal, industrial, 
and environmental services for much of southern Alberta. Since the area is relatively arid and streamflow in the 
ORB is highly allocated, the basin is vulnerable to water shortages and managers can be faced with difficult water 
management decisions. Climate change is likely to further exacerbate these challenges due to changes in the 
timing and magnitude of streamflow in the basin. In addition, recent interest in the development of open-pit 
metallurgical coal mines in the ORW headwaters is likely to place additional demands on water use and has the 
potential to affect water quality. 


The goal of this work was to provide a broad perspective on the variability of water resources in the ORW and 
outline the potential increase in risks to sustainable water management in the coming decades. The work first 
outlines the long-term historical risk of ‘worst-case’ droughts, developed from the instrumental record and a tree- 
ring reconstructed proxy record compared to current water demand. Second, a hydrological model of the upper 
ORW was developed to simulate streamflow for tributaries and the Oldman River under a recent historical period 
(1989-2019) and to estimate streamflow under two future climate change scenarios (RCP 4.5 and RCP 8.5). Third, 
we applied the model in an integrated manner to evaluate water use and selenium loading associated with two 
future mine development scenarios to estimate changes to water quantity and quality in the watershed. These 
results provide a quantitative estimate of potential changes in water supply and water quality because of climate 
change and proposed open-pit coal mining in the ORW. 


Findings from this study demonstrate that streamflow in the ORW originates disproportionately from its mountain 
headwaters (Figure 111), while by comparison, lower elevation sub-basins located further east and south produce 
less than half as much runoff. Streamflow in the Oldman River follows a strongly snowmelt-driven pattern, with 
high flows coinciding with peak snowmelt and greater rainfall in the spring, and low flows during the late summer 
and winter months. Instrumental records do not show the full range of variability in water supply, and water 
resource managers must consider less certainty and stationarity, particularly in a basin where water supply 
challenges are likely based on the longer-term paleohydrological record. In addition, under future climate change 
scenarios, warmer air temperatures are likely to lead to less winter precipitation falling as snow, and earlier spring 
snowmelt (Figure 112). These factors lead to higher winter streamflow, an earlier spring peak, and substantially 
reduced late summer and fall flows. In most sub-basins, the mean annual flow (i.e. the amount of streamflow 
produced in a year) is projected to increase; however, this increase is greatest along the low elevation sub-basins, 
while some headwaters sub-basins are projected to see decreases in mean annual flow, in addition to increased 
volatility in water supply at an annual timescale (Figure 112, Figure 113). By comparison, mean summer flow is 
projected to decrease in most sub-basins in the coming 30 years (2021-2050), while all portions of the upper ORW 
are projected to experience declining summer flows by the second half of the century (Figure 114). 


Consumptive water use projected from mine development scenarios is relatively small at the scale of the ORW but 
is a Substantial proportion of winter flows in major tributaries, where many mines are likely to be located (Figure 
115). There is additional risk of greater reductions in streamflow if a low-flow year coincides with peak mine 
development and/or if consumptive water use is higher than currently estimated, since water allocations are 
approximately three times higher. Simulations of mine development suggest that selenium concentrations may 
exceed water quality guidelines without substantial mitigation measures (Figure 116, Figure 117, Table 9). 
Headwater tributaries are particularly sensitive to water quality degradation since they bear the full brunt of 
selenium loading but contain relatively little streamflow to aid in dilution. Likewise, water use from mining 
operations is likely to be largely concentrated in these same headwater sub-basins, where they make up a greater 
portion of streamflow, and would exacerbate water quality concerns (Figure 116, Figure 117, Table 9). A strong 
reliance on mitigation technologies (i.e., selenium attenuation) would be required to maintain adequate water 
quality if mine development were to take place. 
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Figure 111. Simulated runoff, averaged over the 1990-2019 period by sub-basin. Source: Chernos et al. 2021. 
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Figure 112. Percent change in mean flow under different climate change scenarios. Points correspond to average change, relative to 1990 
to 2019, while lines represent standard error of the estimate. During the critical summer flow period, flow declines significantly under all 
climate change scenarios. 
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Figure 113. Percent change in Mean Summer Flow relative to Current (1990-2019). 
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Figure 114. Daily streamflow for two major tributaries in the Oldman River under current conditions and future climate change 
scenarios. Solid lines correspond to the average while shaded areas correspond to 10-90% quantiles. Note that late summer 
flows decline markedly as runoff shifts to earlier in the year. 
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Figure 115. Percent of streamflow allocated and consumed under each mining scenario under the averaged future climate 
change projections. Solid lines represent the average over the 2025-2069 period while the shades lines represent the 10-90% 
quantiles (i.e. in four out of five years values are within this shaded area). 
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Figure 116. Average daily selenium concentrations at major river outlets assuming no attenuation under both mine development 
scenarios. Solid line corresponds to the average daily value while the shaded area corresponds to the 10 and 90% quantiles (i.e. 
four out of five years fall within the shaded area). 
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Figure 117. Average annual selenium concentrations at all affected sub-basin outlets under both mine development scenarios 
and three attenuation rates. Solid line corresponds to the decadal average value while the shaded area corresponds to the 
maximum and minimum annual averages for the decade. 
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Table 9. Minimum selenium attenuation rate required to meet various water quality guidelines at selected affected waterways 
in the Oldman River watershed under the High mine development scenario. 


Peak Annual 
Average BC- Canada- GoA- GoA - 
Concentration Drinking BC- Drinking Aquatic Irrigation 
Site (ug/L) Water Irrigation Water Life (continuous) 


Blairmore 878 99% 99% 94% 100% 98% 
Creek 


Dutch Creek 151 93% 93% 67% 99% 87% 


Racehorse 138 93% 93% 64% 99% 86% 
Creek 


Livingstone 135 93% 93% 63% 99% 85% 
River 
Racehorse 95 90% 90% 48% 98% 79% 
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The Economics of Coal Mining 


Economic arguments favouring coal mining emphasize its contributions to local employment and royalties paid to 
the Crown?!”!, Those assessing the economic merits of coal mining should contrast the benefits against the equally 
real costs and liabilities associated with this industry. Minimally, these costs should include the following 
considerations: 
e public reclamation costs should the private sector not be able to reclaim abandoned mines 
e public cost for downstream water treatment?”2 
e public cost for reclaiming fish habitat and degraded populations (an example would be Westslope 
cutthroat trout)” 
e public cost for health care issues relating to air and water emissions from coal mining activities!” 
e public costs associated with adverse effects of climate change emissions from coal mining?’ 
e losses in revenue to ecotourism, real estate, and recreation caused by a landscape dominated by ~120 
km? of active coal mining footprint.1”6 
e loss of market value to livestock sector and irrigated crops in southern Alberta if water quality and or 
quantity is compromised!” 
e social disruption costs associated with fluctuating coal commodity prices that are likely to translate to 
periodic lay-offs and re-hirings in the coal sector. 


At the time of writing this report, detailed studies addressing the adverse effects of coal mining on the economic 
metrics listed above could not be found. It would seem prudent for the Government of Alberta, and its citizens, to 
know the answers to these questions before decisions are made concerning approval of future coal mines in the 
ORW headwaters. 


As an example of this type of costs/benefit approach, the annual value of sport fishing in the Province of Alberta 
was estimated at $331 M in 199518 and $350 M in 2000 (Alberta, SRD). The angling opportunities provided by the 
ORW, which supports 31 fish species (Sport fish species of the Oldman River Watershed. Source: Oldman 
Watershed Council State of the Watershed Report (2015), is an important component of this provincial sport 
fishery. Numerous studies in Appalachia’”? and the nearby Elk Valley of BC have shown that extensive coal mining 
is associated with collapsed or threatened sport fish populations 1°°,184. What does the best available science tell us 
about projected loss in sport fish populations and their economic contributions, relative to the economic benefits 
(jobs, royalties) that will attend the regional development of coal mines in the headwaters of the ORW or 
throughout the East Slopes? 


Recent analyses by Statistics Canada (2019)'®* computing the economic output of Alberta’s tourism economy, 


highlight that the tourism sector annually supports 20,000 business, generates 68,000 jobs, attracts 34.7 million 
visits, and contributes $8.2 Billion (2019S; comprised of $3.9 B direct, $1.5 B indirect, and $1.1 B induced) to the 
provincial economy. A 2011 study examining the economic output of Kananaskis Country (adjacent to the northern 
boundary of the study area and similar in area and natural capital to the headwaters of the ORW), estimated 
annual economic value-added impact of ~$202.5 M/year (2011 S). It is widely understood that the East Slopes are 
a foundational component to our provincial tourism sector. If the tourism sector were to remain constant, it would 
contribute ~S400 B to Alberta’s economy over the next 50 years. It seems prudent that the Government of Alberta, 
and Albertans, would want to know what loss in tourism-related economic output is likely to occur if significant 
portions of the East Slope headwaters are transformed into industrial landscapes dominated by coal mines. 


The dominant land use in Alberta, in both area and economic contribution, is the agri-food sector (cattle, crops, 
irrigation, agro-processing). This sector employs about 77,000 Albertans and contributes $9.2 Billion to Alberta’s 
provincial economy each year. Assuming that this sector does not grow or decline, it would contribute about $450 
Billion in 2021 dollars to the provincial economy over the 50 year simulation period in this study. This sector is 
heavily dependent on adequate quality and quantity of water, of which most originates in Alberta’s East Slopes. 


No studies could be found that empirically examine the potential economic risks of an impending “full build out” 
East Slopes coal sector to the economic and social viability of tourism, agricultural, or other landuses. Without such 
information, no government is in a position to assess the consequences of a coal mining trajectory of such large 
spatial and temporal extent. 
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Conclusions 


Local Watershed Consequences 


Our simulations indicate the potential for significant, adverse, and long-lasting local environmental effects for all 
eight proposed coal mines. At the local scale of the mines themselves, development will cause the removal of 
all/nearly all vegetation, streams, and fish and wildlife habitat within the disturbance footprints, and alter surface 
and subsurface hydrology for a period of at least 20 to 35 years. Topography following mining will be different than 
pre-mine conditions, with higher elevations reduced and lower portions elevated. The total amount of rock and 
coal displaced is estimated at 1.11 and 6.71 km? (cubic kilometers) in the medium and high growth scenarios, 
respectively. Thereafter the period of structural disruption to local plant communities and hydrology will depend 
on the schedule and success of reclamation efforts. By the end of the 50 year simulation, the extent of reclamation 
is unlikely to exceed 25% of the total cumulative industrial footprint area. Important native grass species 
(especially fescue species) will be lost or greatly reduced from these areas as there is no known technology to re- 
establish high-elevation native fescue ecosystems on post-mined landscapes in a cost-effective manner. 


For each tonne of coal produced, water use has been estimated at ~0.204 (gross) and 0.067 (net) m?. As such, ~2/3 
of the water extracted for coal mining and processing is scheduled to be released back into surface water flow. In 
the medium coal scenario, this will equate to gross water consumption of 1.2 M m?/yr (at peak production), 
whereas the high coal scenario will consume gross volumes of ~4.9 M m?/year. In all likelihood, water volume for 
coal mining will be sourced from local streams and/or groundwater. In the headwater systems, such as Blairmore 
Creek downstream of Grassy Mountain, allocated use of water could exceed 40% of flow during the late summer 
and early winter months during years of low precipitation. Similarly high rates of allocated water use by coal mines 
(exceeding 10% of flow) are expected to occur in Dutch Creek, Livingstone River, and Racehorse Creek during low 
flow months, and particularly during years with low precipitation. 


For each m? of waste rock produced through coal mining, average selenium production from the oxidation of 
pyrite in waste rock could range from an estimated 0.55-3.2 mg/year. In the medium coal scenario, this could 
equate to a maximum annual peak production of 2.8 M g of selenium/yr, whereas the high coal scenario could 
yield 7.8 — 12 M g/year. Actual generation and subsequent release (load) of selenium into surface and subsurface 
water will depend on how effective the mitigation technologies deployed by coal companies are in attenuating 
selenium production and/or release. Using a range of potential attenuation efficiencies (from 99 to 50%), we 
expect that Se loading into water will vary between 7 to 700 mg/tonne of clean coal (during production), which 
could generate local dissolved concentrations between 1.5 and 500 ug/L immediately downstream of coal mines. 
(Concentrations > 1.0 ug/L exceed the alert level for protection of aquatic life.) Concentrations are expected to 
decline further downstream as dissolved selenium is diluted by additional water volumes from sub-catchments not 
affected by coal mining. Selenium loading from coal mining will lead to higher dissolved concentrations of 
selenium in all water downstream of the coal mines. Our results suggest that, with no mitigation, selenium 
concentrations would frequently exceed regulatory guidelines for both environmental and human health 
considerations, with exceedances being exacerbated during drier years when streamflow is lower and its ability to 
dilute selenium loading is reduced. Effective mitigation of selenium generation and release (i.e., attenuation rates 
of 90 to >99%) has the potential to retain selenium concentrations below water-quality thresholds. Therefore our 
results underscore the magnitude of the risk from under-performance of selenium-mitigation approaches, and 
highlights the importance of verifying that these approaches can actually achieve water-quality objectives. 


The direct footprint (mine pit, waste-rock dumps, access roads, coal cleaning facilities, exploration drilling, 
conveyor system, coal load out, settling ponds) associated with coal mining will reduce both area and connectivity 
of streams and associated riparian habitat in the headwaters of the ORW. This is an important loss to local 
ecosystem function, as the ORW headwaters perform an important role as movement corridors for threatened 
species such Westslope cutthroat trout (WSCT). 


At the scale of the mine site, the adverse effects on WSCT and aquatic invertebrates could be significant and 
persistent, reflecting complete loss of effective habitat for these taxa during the active lifespan of the mine, and 
for several decades after mines stop producing coal. Even if rudimentary stream systems are physically re- 
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constructed on the reclaimed mine sites, selenium concentrations could impair reproductive performance and 
cause physical deformities of WSCT in a manner similar to that observed in the Elk Valley to the west if selenium 
mitigation approaches are ineffective. 


Although it is reasonable to believe that coal mines can re-establish vegetated ecosystems on graded, post-mined 
landscapes, there is no evidence that current reclamation practices can re-construct the spatial/temporal variance 
in ecosystem dynamics (water flow, water chemistry, plant community dynamics) that occur on the pre-mine 
landscape. Current constraints of knowledge, budget, and time prevent mining companies from returning these 
mined landscape to ones whose natural capital and ecosystem dynamics reflect pre-mining conditions. 


Over the 50 year simulation, our simulations indicate that medium and high coal scenarios will produce the 
following average annual rates: clean coal (106.9, 693.8 M tonne) and CO2e emissions (full life cycle; (293.4, 
1,907.9 M tonne)). Over the simulation period, the estimated cumulative reclamation liability for medium and high 
coal scenarios would sum to $161 M and $938 M (2021 CS), respectively. At the end of 50 years, we estimate that 
only 25% of the mine will be reclaimed, and as such 75% of the cumulative liability would remain. 


Regional Watershed Consequences 


Models indicate that there could be significant regional-scale environmental effects for both medium and high coal 
mining scenarios, with effects being more pronounced for water quality than for water quantity, if mitigation 
approaches are less effective than claimed by environmental impact assessments. As a fraction of the total ORW 
water yield, the amount of water used for coal mining is comparatively small (<1%), with the fraction being much 
higher (frequently exceeding 10%) in headwater streams, late winter to early winter months, and during low- 
precipitation years. The total gross amount of water demand for coal 4.9 M m?/yr; high scenario) is low compared 
to the irrigation sector, but will be 27% of the total gross water used by ORW’s entire 1.1 M cattle population (18 
M m?/yr). 


In general in oxic aquatic systems selenium is highly conserved and will not be removed in features like the 
Oldman River reservoir. Selenium concentrations will be reduced to the extent that additional non-affected waters 
dilute its concentration. Selenium concentrations in mainstem ORW rivers (and their tributaries with upstream 
coal mines) are projected to exceed water-quality guidelines for aquatic life, irrigation, and human drinking water 
during periods of low precipitation and streamflow with low to moderate attenuation of selenium release at the 
mine sources. The extent to which elevated selenium affects the health of humans, and the economic viability of 
the irrigation, livestock, and agro-food sectors, is a topic of immense concern but beyond the scope of this project. 


The ORW is classified by the Government of Alberta as a closed basin in terms of water allocation?®?. In comparison 
to its maximum allocation volume (2.231 B m?/yr), current use is 0.900 B m?/yr. Our results indicate that while 
“average” water supply is currently adequate to meet water demand (use), continued growth of water demand 
(municipal, irrigation, livestock) coupled with “expected” drought events (templated from historical data) are likely 
to lead to conditions of water scarcity. Attempts to direct additional volumes of water to mining during drought 
conditions similar to those experienced in the past will likely violate the ICO thresholds and jeopardize the integrity 
of aquatic ecosystems of mainstem rivers and their tributaries. 


Beyond the issues described above is the important consideration of future climate change. The drought events 
(frequency, magnitude) explored in this report were templated on historical data. Assuming that climate change 
dynamics continue to worsen, it is also likely that the frequency and magnitude of droughts in the ORW will be 
more problematic than we have presented. In such conditions, our simulations are likely under-estimating the 
magnitude of water scarcity issues in the ORW. 


Recommendations 


It is the recommendation of this report that coal mining in the headwaters of the ORW should not proceed until 
robust answers to critical questions are provided and discussed broadly by a diverse stakeholder community. The 
best available information indicates that the magnitude of long-term liabilities to water resources (quality, 
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quantity) are likely to exceed any short-term economic benefits. There is the risk that local adverse effects to 
water quantity (flow) and quality (selenium toxicity), streams, riparian habitat, and natural plant communities will 
be profound. Regional effects include a high likelihood of selenium concentration above threshold values 
throughout the ORW during years of low precipitation, particularly in late summer to early winter, if mitigation 
technologies underperform. Our analyses suggest that reasonable reclamation efforts would exceed a cumulative 
cost of ~S0.94 Billion (9,400 ha @ $100,000/ha; high scenario), with the possibility of much higher costs than that, 
and that ~75% of the disturbed area would remain unreclaimed at the end of the 50 year simulation. There is 
uncertainty that the Government of Alberta has implemented a bonding program that ensures adequate dollars 
are secured to fund appropriate reclamation practices. 


There exists a diversity of land uses in the ORW, particularly the lower reaches, that are economically dependent 
on large quantities of high quality water. These land uses (including residential, crops, livestock, recreation, 
processing sectors), which currently generate several billion dollars annually as GDP, receive their water supply 
from the headwater basins of the ORW. The development of a coal sector in the headwaters of the ORW 
represents a real risk to these existing economic engines, and the families who depend on them. 
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Glossary and Acronyms 
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AEP 
AER 
ALCES 
ALSA 
ALUF 
AO 
ARD 
AUM 
BCM 
BMP 
BRBC 
BROM 
BROM 
BRP 
CAN 
CPAWS 
CMT 
EID 
ESRD 
ESRD (Alberta) 
FLUZ 
FMU 
FTE 
FLUZ 
GHG 
GoA 
IDM 
IEG 
ICO 

IJC 

IO 

LLG 
NDP 
OHV 
ORW 
ORW 
OSSK 
OSSK 
OSSROM 
PARC 
PM 
ROM 
SAR 
Se 
SMRID 
SSRB 
SSROM 
UCP 
UL 


Assessing Watershed Scale Consequences of Coal Mining in the Headwaters of the Oldman River Watershed 137 


Approximately 

Alberta Environment and Parks 

Alberta Energy Regulator 

A Landscape Cumulative Effects Simulator 
Alberta Land Stewardship Act 

Alberta Land Use Framework 

Alces Online 

(Alberta) Agriculture and Rural Development 
Animal Unit Months 

Bank cubic meters 

Best Management Practice 

Bow River Basin Council 

Bow River Operational Model 

Bow River Operational Model 

Bow River Project 

Computer-Aided Negotiation 

Canadian Parks and Wilderness Society 

Clean Metric Tonne 

Eastern Irrigation District 

(Alberta) Environment and Sustainable Resource Development 
Environment and Sustainable Resource Development 
Forest Land Use Zone 

Forest Management Units 

Full Time Employee 

Forest Land Use Zone 

Greenhouse Gas 

Government of Alberta 

Irrigation Demand Model 

Integrated Ecology Group 

Instream Conservation Objectives 
International Joint Commission 

Instream Objective 

Livingstone Landowners Group 

National Democratic Party 

Off-highway vehicle 

Oldman River Watershed 

Oldman River Watershed 

Oldman and South Saskatchewan 

Oldman and South Saskatchewan (sub-basin) 
Oldman and South Saskatchewan River Operational Model 
Prairie Adaptation Research Collaborative 
Performance Measure 

Run-of-Mine (raw coal straight from the mine) 
Sodium Absorption Ratio 

Selenium 

St Mary River Irrigation District 

South Saskatchewan River Basin 

South Saskatchewan River Operational Model 
United Conservative Party 

Tolerable Upper Intake Level 





WCO Water Conservation Objective 

WHO Health Organization 

WID Western Irrigation District 

WID Western Irrigation District 

WPAC Watershed Planning and Advisory Council 

WPAC Watershed Planning and Advisory Council 

WRMM Water Resources Management Model 

WSCT Westslope cutthroat trout 

WSRP Water Shortage Response Plan 

Www Wet weight basis 

Units 

BCM Bank cubic meters 

CO2e Carbon dioxide equivalent 

cfs cubic feet per second 

CMT clean metric tonne 

dam? cubic decametre (1,000 cubic metres or 0.81 of an acre foot) 
g gram 

kg kilograms 

km/km? km per square kilometer 

L (or |) Liter 

m? Cubic meter 

m?/s cubic meters per second (also written as cms; 1 m?/s = 35.3 cubic feet per second) 
mg milligrams 

mg/kg dosage of substance (mg) based on body weight (kg) 
mg/kg-d dosage of substance (mg) based on body weight (kg) per day 
MTA million tonnes per year 

ppb Parts per billion = micrograms per Liter = microgram per kilogram 
ppm Parts per million = milligrams per Liter = milligrams per kilogram 
ug microgram 

ug /l microgram per liter (= 1 part for million; 1 ppm) 

mg/L milligram per liter (= 1 part for billion; 1 ppb) 
Conversions 

Area 

1 ha = 10,000 m? 

1 km? = 100 ha 

Mass 

1 tonne = 1000 kg 

1000 g = 1 kg 

1000 mg= 1g 


1000 milligrams = 1 microgram 


Volume 

1 dam = 1000 m? 
1000 liters = 1 m? 
1 billion m?=1 km? 
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Appendices 


Appendix A. Legacy Coal Mines in the ORW 


Underground coal mines were numerous and distributed throughout Alberta’s east slopes during the late 1800s 
and early decades of the 1900s?**. Surface coal mines were much less common and did not emerge until the 
1950s. Coal from underground and surface mines provided cooking and heating fuel for both pioneer homes and 
early commercial businesses. A partial list of these mines in the ORW were identified using the online Mine 
Mapper app of the Government of Alberta?® (Table 2). The boundary of the disturbed areas of some of the larger 
legacy surface coal mines is shown below (Figure 18). Almost all of these mines ceased to exist with the arrival of 
other hydrocarbon (oil, gas) fuel sources and the emergence of a provincial rural electrical grid in the 1960s. 
Another key factor to the reduction of Alberta’s surface and sub-surface mines in the ORW was the rapid 
expansion (starting in the late 1960s18°), and market dominance, of large-scale surface coal mining in the Elk Valley 
of southeast British Columbia. 


Given the focus of water quality (selenium pollution) in this project, it is important to have some appreciation for 
the location, lifespan, and volume production (both coal and overburden rock) of legacy coal mines in the ORW. 
These legacy mines, and their spoil piles, are likely to be contributing selenium to surface and subsurface waters in 
the ORW. Knowledge of these legacy mines can also inform discussions about optimal placement of water 
sampling locations and distinguishing proper reference sites. 


Table 10. List of legacy coal mines in the Crowsnest Pass region. Source: Government of Alberta Mine Finder?®7. 


Coal Mine Number . . ` . Casal Mire Type i 8 Minng Method 





Table 11. Selected legacy coal mines in the headwaters of the ORW. 
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Name Type/Location Start End Cumulative Production 
Year Year tonne 

Surface Mines 
Tent Mountain Mine Southwest of Coleman 1950 1979 7.68 MT 
Grassy Mountain Mine North of Coleman 1956 1962 0.38 MT 
Adanac UG Mine South of Crowsnest Pass 1942 1962 0.69 MT 
Adanac Surface Mine South of Crowsnest Pass Unknown Unknown Unknown 
Racehorse Creek North of Crowsnest Pass Unknown Unknown Unknown 
Vicary Creek Coleman Collieries 1957 1981 7.48 MT 
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Figure 118. Approximate boundaries of surface legacy coal mines shown in yellow boundary. 


140 


Appendix B. Additional Details of Prospective Coal Mine Details 


When selecting how best to simulate coal mining in the ORW, it was important to understand that the prospective 
coal mines were at different stages of investment or regulatory development. Some coal projects, such as Grassy 
Mtn and Tent Mtn, were proposals that extended earlier legacy mines operating under different regulatory 
requirements. The other projects (Elan South, Isolation South, Cabin Ridge, Isola, 4-Stack and Chinook) have 
acquired coal leases, have made formal applications for exploration to the Government of Alberta, and have 
published online prospectuses for investors. It is possible that some of these projects may chose not to go forward. 
It is also possible that other projects, which currently do not exist, will emerge and seek regulatory approval. As 
such, these scenarios do not represent a known certainty, but rather a plausible set of prospective coal mines 
given current knowledge. 


This project has made every effort to adopt reasonable input assumptions for each of the “known” projects (coal 
production (MTA), lifespan, stripping ratio, location, reclamation trajectory, water requirement), based on either 
published metrics of the company itself, or where not available, using metrics relevant to Teck Resources 
operations immediately to the west. 


Based on the literature review of the existing known coal mine projects, the cumulative coal production within the 
study area has been capped at ~700 MT over a 5-decade period. This volume is only produced during the High 
Production scenario. This value may prove to be somewhat low or high depending on future coal commodity 
prices, better coal reserve delineation, and whether the Government of Alberta choses to be more or less 
encouraging about coal development in the East Slopes. Given the uncertainty of these factors, we have adopted a 
sensitivity approach where we vary actual coal production from 0 MT (low), 5.875 MTA (only Grassy Mtn and Tent 
Mtn) and 23.95 MTA. Additional information on each coal mine project is provided in the next section. 


Assessing Watershed Scale Consequences of Coal Mining in the Headwaters of the Oldman River Watershed 141 


Riverdale’s Resources Grassy Mountain Coal Project 
The Grassy Mountain Coal Project of Riversdale Resources’? proposes to develop a 25-year, 4.5 MTA (million 
tonne per year) coking coal mine on Grassy Mountain immediately north of Coleman, Alberta. The location of the 
lease site in the ORW headwaters and our simulated mine activity boundary is provided in Figure 66. This proposal 
would re-open and expand the legacy Grassy Mountain coal mine, which ceased production ~1990. This new 
project would create a cumulative surface land disturbance of ~1,244 ha within their 83 km? lease. An oblique 
aerial image of the legacy coal mine footprint is shown below. The full spatial extent of the proposed coal mine, 
including open pit area, mine waste disposal area, backfill zone, plant, road and conveyor, surge pond, are 
provided below. 
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Figure 119. Generalized layout of the Grassy Mtn Coal Project. Source: 
http://www.rivresources.com/site/Projects/grassy-mountain-project2/overview3 
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Montem’s Tent Mountain Coal Project 


The Tent Mountain Coal Project of Montem Resources’®? proposes to develop a 14-year, 1.7 MTA (million tonne 
per year) coking coal mine on Tent Mountain on the AB/BC border southwest of Coleman, Alberta. The location of 
the lease site in the ORW headwaters and our simulated mine activity boundary is provided in Figure 66. This 
proposal would re-open and expand the legacy Tent Mountain coal mine, which ceased production in 1983. This 
new project would create a cumulative surface land disturbance of ~364 ha within their 19.3 km? lease. An oblique 
aerial image of the legacy coal mine footprint is shown below. The full spatial extent of the proposed coal mine, 
including open pit area, mine waste disposal area, backfill zone, plant, road and conveyor, surge pond, are 
provided below. 








Figure 120. Generalized spatial layout of the proposed Tent Mountain Coal Mine Project. Source: https://montem- 
resources.com/projects/tent-mountain/ 
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Atrum’s Coal Projects (Isolation South and Elan South) 


Atrum Coal Resources!” hold a 230 km? tenement in southwest Alberta and has proposed to develop coal mines 
within their Elan North (Isolation South; 30 km?) and Elan South (100 km?) coal leases. The location of the lease site 
in the ORW headwaters and our simulated mine activity boundary is provided in Figure 66. Collectively, they have 
stated that these leases contain 298 Million tonne (70 MT Indicated, and 228 MT Inferred) of coking coal. For the 
Elan South project, Atrum suggests a 22-year mine that will produce an average of 4.5 MTA. For the Elan North 
(Isolation South) project, Atrum suggests a 35-year mine (called Isolation South) that will produce an average of 
7.5 MTA. We estimate that this new project would create a cumulative surface land disturbance of ~2,550 ha 
within their 230 km? lease. The full spatial extent of the proposed coal mine, including associated infrastructure 
are provided below. The Savanna coal project lies in the Atrum North lease and contains 30 MT of total (measured 
and indicated) coking coal. Assuming this mine would produce at a rate of 2 MTA, the mine lifespan would be ~15 
years. We are not including the Savanna coal project as part of this simulation project. 
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Figure 121. Location and proposed spatial layout of Atrum's South Elan coal projects. Source: 
https://www.atrumcoal.com/projects/elan-project/ 


Isolation South 

The Isolation South Mine Project is located on Atrum’s 6,239 ha lease. The location of the lease site in the ORW 
headwaters and our simulated mine activity boundary is provided in Figure 66. According to Atrum’s online 
publications*?, this project identifies a proven coal resource of >112 MT and suggests a mine that could produce 
~4.5 MTA for 21 years. 
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Inferred resources comprise only 14% of the overall mine schedule and an average of less than 10% 
over the first three years of operation. Atrum confirms that the financial viability of the Elan Project is not 
dependent on the inclusion of Inferred resources in the production schedule. The resource classification 
underpinning the life-of-mine schedule and production target in the Updated Scoping Study is outlined in 
Table 5. 

Figure 122. Location and coal production trajectory for Atrum’s Isolation south. 


Montem Resources Northern Coal Projects (Isola, 4-Stack, Chinook) 


Excluding their Tent Mountain holdings, Montem Resources?” coal leases contain ~140 MT of measured, 
indicated, and/or inferred coking coal. The location of the lease site in the ORW headwaters and our simulated 
mine activity boundary is provided in Figure 66. On their ~116 km? lease, Montem has proposed to develop two 
coal mines (Chinook Vicary (100 km? lease), Chinook South?*). 
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Isola 


The Isola Coal Mine Project is located on Montem’s 4,832 ha lease. The location of the lease site in the ORW 
headwaters and our simulated mine activity boundary is provided in Figure 66. According to Montem’s online 
publications (), this project identifies a proven coal resource of >100 MT and suggests a mine that could produce 
~4.5 MTA for 25 years. 
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Figure 123. https://montem-resources.com/wp-content/uploads/2020/07/2020-07-05_Isola-Summary- 
Report_Final.pdf. This map is helpful in locating the likely mine site for Isola 
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Chinook — Vicary 

The Chinook-Vicary Coal Mine Project is located on Montem’s 10,000 ha lease. The location of the lease site in the 
ORW headwaters and our simulated mine activity boundary is provided in Figure 66. According to Montem’s online 
publications (), this project identifies a proven coal resource of >149 MT and suggests a mine that could produce 
~4.5 MTA for 25 years. 








Figure 124. The likely location of the mine site for Chinook Vicary. 
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4-Stack 
The 4-Stack Coal Mine Project is located on Montem’s 1,965 ha lease. The location of the lease site in the ORW 


headwaters and our simulated mine activity boundary is provided in Figure 66. According to Montem’s online 
publications, this project identifies a proven coal resource of >100 MT and suggests a mine that could produce ~4.5 


MTA for 22 years. 
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Figure 125. Shows 4 Stack coal mine project. 
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Warburton’s Cabin Ridge Coal Mine Project 


The Cabin Ridge Coal Mine Project is located on Warburton’s 5,000 ha lease in the headwaters of the ORW (Figure 
155). According to Warburton’s online publication, this project identifies proven coal resource of 100 MT and 
proposes a mine that produces ~4.5 MTA for 23 years. A significant area of surface disturbances relating to roads 
and drill-holes have been completed (Figure 156). 





Figure 127. Recent exploration on Cabin Ridge. Source: Image extracted from CPAWS website. 
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Location of prospective active coal mining within leases. 





Figure 128. Boundaries of Grassy Mountain (left) and Tent Mountain (right) Coal project leases. Polygon within leases reflect 
simulated active mining disturbance sites. 
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Figure 129. Boundaries of Chinook/Vicary (left) and 4-Stack coal project leases. Polygon within leases reflect simulated active 
mining disturbance sites. 
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Figure 130. Boundaries of four different coal mines (orange) within the 4-Stack (purple), Isola (grey), Isolation South (light blue), 
and Cabin Ridge (green) project boundaries. 
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Appendix C. 1974 Environmental Conservation Authorities (ECA) Assessment of Coal 
Mining in Alberta’s Eastern Slopes 


“4.2.5.1 Coal 

The coal which occurs in the foothills and mountains of Alberta is generally bituminous, though some anthracite is found. Some 
of the deposits make a good coking coal, and there is a market for this material as an export commodity in the manufacture of 
steel. New markets for anthracite coal as a thermal fuel are also appearing. The Authority has always been careful to distinguish 
the cost/benefit balance that production of coal in the plains may achieve in the province as against the cost/benefit balance 
that mining for coal in the foothills and mountains might show. 


4.2.5.1.1 Coal Mining 

The history of coal mining in mountainous countries, whether in Alberta or in other parts of the world, has unfortunately been 
unhappy throughout. In the Eastern Slopes of Alberta, it has its own case history, its own set of problems and advantages and 
disadvantages. In the Eastern Slopes, surface mining for coal is in conflict with virtually every other use to which the Slopes 
might be put. Tourism, recreation, fish and wildlife, watershed protection, the preservation of natural areas and sites, indeed 
even the maintenance of stable communities, all have long histories of incompatibility with coal mining, whether it be surface or 
underground, in the Eastern Slopes. The difficulty has always been that these important disbenefits are not balanced by 
proportionate advantages. 


In the Eastern Slopes coal is often mined by companies owned abroad. The major expenditure these companies make is for huge 
machinery that is also purchased abroad. Surface mines require a relatively small group of employees, and even this somewhat 
specialized labour pool is apt to be in short supply and is rather mobile, so that the number of Albertans who want this kind of 
work for the most part already have it. The royalty charge by the province on the coal, at ten cents a ton, is an insignificant 
source of revenue. The roads, the railroads, and the towns the operation of the mines may entail have generally been built 
either at government cost or with government subsidy. Yet at the present time all of the coal produced from the Eastern Slopes 
is, after only a rough washing, exported as a raw material to markets far from Canada. It therefore makes no contribution to 
industrial development in Alberta or in Canada. 


The damage and devastation left behind in the process of surface mining from the coal washing plants on the sides of brooks 
and rivers which release coal fines that settle out on brooks and streams and smother the young trout fry, the dangerously 
dammed lagoons high in the mountains, the incredible devastation of the mountainside invoked by the giant machines, and the 
spoil and spill piles exposed to erosion on the steep slopes pouring down into the valleys and destroying the trees, the other 
vegetation, and the river beds, make it possible to wonder why this particular resource is exploited at all. Only one company has 
claimed that even under these conditions it has made a profit. 


The risks of the export market, bad management in the mines including bad environmental management, poor bargaining done 
on behalf of the collieries so that contracts could not be met and money was lost even by the companies themselves, the list of 
coal mining towns that have become ghost towns or have fallen into decrepitude or are still permanently marred by the marks 
of the industry to the disadvantage of the present inhabitants, the clear insecurity of a community that relies on the export of 
coal markets alone, all indicated that the development of the coal mining resources in the Eastern Slopes should be approached 
with caution. That caution should only be removed to the extent that some of the disadvantages enumerated can be turned into 
advantages, or when in other ways it can be shown that coal mining produces greater benefits in the overall that other ways of 
using the Eastern Slopes. 


Though only a relatively small percentage of the coal known to occur within the Eastern Slopes can be recovered through 
surface mining techniques, present plans emphasize this technique almost exclusively as against underground or other alternate 
ways. Though underground or alternate methods may have problems of their own, they certainly create less lurid devastation 
than does surface mining, at least while the mine is in operation. On the other hand, it may well be that permanent satisfactory 
reclamation will be easier to realize following surface mining, than following underground mining. This problem was dealt with 
in considerable detail in the earlier hearings of the Authority. 


An alternate approach to the problem of recovering the coal resource is hydraulic mining. This method employs water under 
high pressure that cuts and sluices the coal out of the deposit, to be recovered from the slurry that is produced. The water is 
recycled, it is claimed, so that only make-up water needs to be added as the mining continues and no waste water is returned to 
surface drainage. The kinds of deposits that are amenable to hydraulic mining are limited, with a gravity flow for the slurry 
generally being one important requirement. This technology, which is being contemplated for Alberta, and which has been used 
in other countries, seems to hold some promise for coal extraction operations that may be less devastating and hence less in 
conflict with other uses of the land, than either surface mining or conventional underground mining. Much, however, remains to 
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be proven out about the several environmental impacts to be associated with hydraulic mining, before too much 
encouragement can be given to it. 


Those areas of the world which have a long history of surface coal mining especially in the mountainous terrain have discovered 
serious problems in water quality deterioration. These quality changes are brought on by the leaching of minerals from 
subsurface material which had been brought to the surface but had never before been exposed to the run-off. In many cases, the 
change in quality made the water unsuitable for fish or even unsafe to drink. Within the Eastern Slopes, the reclamation process 
frequently exposes subsurface material to rainfall and run-off. There should be adequate protection to ensure that dissolved 
minerals do not destroy water quality. 


The province in endowed with large coal resources distributed extensively throughout much of the Eastern Slopes. The Authority 
views these resources as an immediate source of potential wealth but whose rate of appreciation is deserving of careful 
consideration. It is unfortunate that the common practice has arisen of referring to coal, petroleum, and similar deposits as 
“fossil fuels” or “energy reserves’ as it tends to relegate them to this rather low-grade application as their primary use. In fact, 
the chemical composition of these materials contains the molecular building blocks which technology converts into a variety of 
products which would sustain heavy chemical industries. They therefore have now, and will have to an increasing extent in the 
future, far more valuable applications for the benefit of mankind than merely being burnt for the fuel value, although even their 
value as a thermal fuel or as a coking agent is rapidly appreciating. Accordingly, a system of identifying and holding in reserve 
some of these resources would provide for orderly extraction and assurance of future supplies in the public benefit and in the 
support of long-term provincially based industries. 


The world demand for resources is growing at an ever increasing pace. It is now evident that the rate of appreciation of the 
value of these resources should be again examined against any immediate economic benefits which may be gained. The 
province has within its resource vaults a huge store of raw materials whose value grows on a daily basis. It constitutes the 
birthright of future Albertans and therefore should not be squandered for limited economic gains today. A prudent system of 
resource planning requires that we assure the future as well as the present needs of our people through wise consumption and 
exploitation practices now. 


RECOMMENDATIONS 


(1) That surface mining be developed cautiously and in an orderly way both by careful site selection and by limiting the number 
of sites that can be worked at any one time, and the tonnage of coal or other material that can be extracted each year. 

(2) That extractive development proceed ina fashion which demands total extraction and reclamation of one area before 
another is opened for development. This localizes disruption of the environment. 

(3) That in all cases of mineral extraction through surface disturbance, but most particularly in such major disturbances as 
surface mining, fully integrated resource development, environmental management and surface reclamation programs be 
followed from the beginning. 

(4) That known deposits of coal can now declared as future reserves and left undisturbed until required to service Alberta’s 
needs. 

(5) That such reserves reflect but not be limited to the environmental sensitivity of certain alpine and sub-alpine areas where 
the technology of reclamation has not been proven efficacious. 

(6) That ina designated coal development zone the operations of all companies in exploration and extraction be so integrated 
and planned on a joint basis as to minimize surface disturbance and environmental damage and maximize the recovery of 
the coal in the deposit (See also Recommendation 2.) 

(7) That, since reclamation and revegetation of sub-alpine surface mines is still experimental, the number and size of new 
mines be regulated, and expansion in the industry proceed cautiously, until reclamation technologies have proven their 
own efficacy. 

(8) That particular attention be drawn to the Authority’s previous recommendations that the Minister have discretion to hold 
safe from surface disturbance those areas of a high ecological sensitivity, and that a program to inventory such 
ecosensitive areas, and publish them, should be undertaken as soon as possible. 

(9) That improved public acceptance of industrial and extractive developments in the Eastern Slopes be sought though greatly 
enhanced upgrading of inspection, publication of reclamation standards and regulations, increased enforcement activities 
and better public relations. 

(10) That areas needing reclamation from previous surface and underground mining be so designated, and reclamation be 
undertaken with priority given to those basins in which watershed protection and watershed management are the more 
crucial. 
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(11) That non-renewable resource reserves be set aside, in which known non-renewable resources are to be kept in reserve and 
not released for development-based extraction except in a sequential way, perhaps at ten-year intervals, at a time still to 
be decided upon. (See also Recommendation 1, above.) 

(12) That development work be undertaken to evaluate the efficacy of hydraulic mining for coal in the Eastern Slopes. 

(13) That the administration of regulations and legislation related to the extraction of surface and sub-surface resources of the 
Eastern Slopes remain with the departments presently responsible. However, an expansion in field staff is recommended to 
ensure a more thorough inspection of conditions in the region and a stricter enforcement of land use legislation. 

(14) That all streams and rivers be carefully monitored before surface mining commences to establish base line mineral 
contents. 

(15) That mining proceed only under a set of conditions which prevents any change of the water quality due to dissolved 
minerals. 

(16) That for additional and more detailed recommendations reference be made to the Authority’s Report and 
Recommendations on the Impact on the Environment of Surface Mining in Alberta. 


4,2.5.1.2 Coal Conservation 

Surface mining “creams” the deposit and may leave much coal behind which is unprofitable to remove with existing techniques 
and under existing economic conditions. Later, extra costs must be incurred and new disturbances created or the resource may 
be lost to use indefinitely. This is a factor that is characteristic of coal mining in the Eastern Slopes. 


An important problem therefore has to do with working out combinations of mining technologies that will achieve maximum 
utilization of the resource. The aim in all cases should be total recovery of the coal in the deposit rather than merely stripping 
the small portions that are economically lucrative at the time. This objective should be the basis of guidelines to be developed in 
respect of coal conservation in the Eastern Slopes. 


RECOMMENDATION 


(1) That the Energy Resources Conservation Board under is responsibilities in respect of coal conservation in the province and 
in co-operation with the coal companies investigate and propose technologies and combinations of technologies that will 
ensure the total, or failing that, the maximum possible exhaustion of the resource at any one site before that site is 
abandoned. 


4.2.5.1.3 Exploration 
Before a commercially viable coal mining operation can be established, complicated explorations must be conducted. These are 
normally carried out in two distinct and recognizably different phases which may be described as follows: 


Phase 1. This earliest stage of exploration is aimed at determining and mapping the areas where coal deposits are most likely to 
be found, and may be done by some form of distant sensing such as airborne instrumentation or other device which causes little 
or no surface disturbance. Comparatively light surface operations including core drilling may then be performed to confirm the 
presence of the deposits and in a general way to determine the more promising locations for further exploration. Up to this 
point surface disturbances and the risk of environment damage are minimal. 


Phase 2. It remains however, to determine where the deposits are of sufficient extent and are sufficiently favourably located 
with respect to the surface, to offer good commercial prospects. In this advanced phase, exploration proceeds by means of a 
series of exploratory trenchings supported by systematic borings to outline the deposit and enable a plan for mining it to be 
developed. These must, of necessity, be performed in situ, on the ground, and will usually cause considerable surface 
disturbances. Finally, what amounts to a small scale mining operation with all the attendant environmental damage, is carried 
out in the final exploratory operations where sample sizes of five hundred tons or more are extracted, processed, and shipped 
out to prospective customers for commercial evaluation. Surface access may also be required to the exploration site causing 
further damage and disturbance. It can thus be seen that the damage associated with mining in the foothills starts long before 
the actual commercial operation of the mine begins. In the course of trenching operations, vast areas of land, often virgin forest, 
are cleared in swaths 16 or more feet wide to make way for the trenching machines. These cuttings can follow or cut across the 
complex trails of the coal seams for miles across every kind of terrain, in many cases to be abandoned and repeated in new 
locations. When one realizes that all of this is happening in all kinds of weather, on slopes that are often quite steep and in some 
cases quite unstable, and that the heavy trenching equipment can become mired in mud and have to be rescued by equally 
heavy machines, it is difficult to discover an overall advantage from such activities in such fragile and beautiful terrain when the 
economic return to the province from the coal mining itself is so paltry. One cannot doubt that for the orderly development of 
Alberta’s Eastern Slopes, a complete inventory of coal bearing areas would be a valuable asset. There is therefore a strong 
incentive to encourage the phase one type of exploration to achieve this. Further exploration in these areas should however only 
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be permitted after very careful consideration and under very closely controlled conditions. If one takes into account the 
inevitable appreciation in value that will occur as supplies of non-renewable resources such as coal become scarcer, as well as 
the reasonable expectation that more efficient and less environmentally hazardous exploratory devices and techniques will be 
developed in the future, there is a strong incentive to place a reserve on all coal in the foothills, and to take it out of reserve for 
phase two exploration and mining only when this can be done in better harmony with the environment. 
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Appendix D. 1984 Resource Management Policy for Alberta’s Eastern Slopes 


The government of Alberta received the advice of the 1974 Environmental Conservation Authority Eastern Slopes 
report. In 1984, the Government of Alberta released their own report (A Policy for Resource Development of the 
Eastern Slopes of Alberta; Revised 1984) that outlined their preferred policy direction. This document can be 
located online at: https://open.alberta.ca/publications/0864990677. The report re-enforces the critical role that 
the East Slopes performs for each of watershed function, wildlife habitat and populations, and aesthetics. This 
internal land-use integration exercise generated a map of the eastern slopes where all lands were allocated to one 
of several policy classifications that include: protection (prime protection, critical wildlife), resource management 
(special use, general recreation, multiple use, agriculture), and development (industrial, facility). In each of the 3 
East Slope regions (southern, central, northern), the “multiple use” category contains the largest area (>75%), 
whereas protection classification comprised less than 10% of the total region. Based on input from relevant 
disciplines within government departments, the report defined (see below) and mapped (Figure 170) prime 
protection and critical wildlife zones, where industrial extractive activities should not occur. Based on recent 
government changes in coal policy, a significant amount of area within the 1984 “critical wildlife” category is now 
overlain with coal leases that have generated specific coal mining proposals (Figure 171). If coal mining is allowed 
to proceed in these regions, a significant reduction in areas considered critical to watershed and wildlife function 
will occur. 


1. Prime Protection Zone 


The intent of the prime protection zone is to preserve environmentally sensitive terrain and valuable ecological 
and aesthetic resources. It contains high-elevation forests and steep rocky slopes of the major mountain ranges in 
the Eastern Slopes. The lower boundary for this zone has been defined by elevation, ecological variables, and 
aesthetic qualities. The boundary generally represents the lower extremities of the more sensitive terrain in the 
Eastern Slopes. 


This zone is intended to protect the rugged mountain scenery for which the region is highly valued. It is the zone 
which receives the greatest amounts of precipitation and produces most of the streamflow of the Eastern Slopes. 
Many critical wildlife ranges, especially for bighorn sheep and mountain goats, are found within this zone. 


Regional objectives which are considered compatible with the intent of this zone include those of watershed, 
fisheries and wildlife management, and extensive recreational activities such as hunting, trail use (non-motorized) 
and primitive camping. The objective for commercial fur harvesting will also be met to some degree. Future access 
or utility corridors may be required through this zone. Approved snowmobile trails may also cross this zone. Future 
commercial ski development may be considered in this zone, as it contains the only suitable snow and terrain 
conditions in the Eastern Slopes. In these cases, the ski lifts and associated facilities will be permitted in the prime 
protection zone, while accommodation and other services will be located in adjacent zones where such 
commercial development is appropriate. Where considered essential and under strict operating guidelines, 
management programs may include activities such as wildlife habitat improvement, fire control and timber 
sanitation cutting to protect merchantable timber in other zones. 


2. Critical Wildlife Zone 


The Eastern Slopes is a unique and important wildlife region due to the many combinations of climate, topography 
and vegetation which provide habitat for a wide variety of species. The intent of the critical wildlife zone is to 
protect ranges or terrestrial and aquatic habitats that are crucial to the maintenance of specific fish and wildlife 
populations. 


The zone consists of such areas as key winter range, migration routes and calving areas that are essential to the 
survival of specific wildlife species such as mountain goats, bighorn sheep, elk, and caribou, and of spawning areas 
vital to maintaining naturally reproducing salmonid populations. The zoning recognizes only those habitat areas 
which are crucial to the life cycle of particular species due to vegetation, climate, or topography. Regional 
objectives which are considered compatible with the intent of this zone include watershed, fisheries and wildlife 
management, serviced camping, and extensive recreation activities such as hunting and fishing, trail use and 
primitive camping. Resource extraction objectives such as those of trapping, logging, domestic grazing, petroleum, 
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natural gas, coal and mineral exploration and development may be achieved. Future roads or utility corridors may 
require access through this zone. 
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Figure 131. Map outlining the key land use priorities of the southern portion of the Eastern Slopes. Source: Government of 
Alberta. Resource Management Zones for the Eastern Slopes. 
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Figure 132. Comparison of the 1984 Government of Alberta East Slopes Policy map and current Coal Mining Leases. Note that 
the proposed coal leases overlap extensively with the grey polygons defined as critical wildlife habitat in the 1984 Resource 
Management Policy for Alberta’s Eastern Slopes. 
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Appendix E. Additional Geology Information Concerning Coal Deposits 


The information that follows was extracted from the report?” entitled: Gorham, J. , Bradley Ulry, Matthew Carter, 
Nathan Schmidt. 2020. Coal resources for the Chinook project, Alberta, Canada. Prepared for Montem Resources, 
Alberta Operations Ltd. Competent Persons Report. Prepared by Dahrouge Geological Consulting, Edmonton, 
Alberta. 
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6 GEOLOGICAL SETTING AND MINERALIZATION 


6.1 REGIONAL GEOLOGY 


The Property lies within the Front Ranges of the Canadian Rocky Mountains, in southwestern Alberta, 
and spans the north-trending, west-dipping Coleman, isolation and McConnell Thrust sheets. 
Stratigraphy on these thrust sheets is highly deformed due to complex folding and fault splays that 
displace strata up to 10 km (McDonald et al, 1989), The area is characterized by Precambrian to Upper 
Cretaceous rocks of the Fernie Group, Kootenay Group, Blairmore Group, and Crowsnest Formation, and 
undivided Upper Cretaceous formations (Figure 6-1 and Figure 6-2). Economic coal potential in the Front 
Ranges lies in the Mist Mountain Formation of the Kootenay Group, which ts disconformably overlain by 
pebble conglomerates of the Cadomin Formation of the Blairmore Group. The Kootenay Group has a 
maximum thickness of 1,100 m near Sparwood, with an eastward thinning and grades into the 
Nikanassin Formation near the North Saskatchewan River (Stockmal et al, 2001). 
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Figure 6-1 Stratigraphic Column (Modified from Richardson et al, 1992) 


The oldest relevant unit in the area, the Jurassic Fernie Group, is comprised of dark-grey and black shales 
locally interbedded with phosphatic sandstones and limestones; cherty limestones, bedded siltstones, 
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sandstones and oolitic limestones; coquinas; concretionary bands; and glauconitic sandstones (Hall, 
1984). 


The Late Jurassic to Early Cretaceous Kootenay Group overlies the Fernie Group and is subdivided into 
three formations, the Morrissey, Mist Mountain and Elk Formations; however, in the Crowsnest Pass 
area, the Elk Formation is absent due to either erosion and/or thinning. Faulting and folding in the 
Crowsnest area make confirmation of the number of coal seams within the Kootenay Group difficult. 


. The Morrissey Formation overlies the Jurassic Fernie Group and is subdivided into the basal 
Weary Ridge Member and the upper Moose Mountain Member. The Weary Ridge Member is 
comprised of a calcareous sandstone with minor interbedded siltstone and mudstone. The 
Moose Mountain Member is comprised of a siliceous sandstone with interbedded 
carbonaceous and argillaceous layers (Gibson, 1985). Thin, less than SO cm thick, coal seams 
occur rarely in the Moose Mountain Member. 


. The Mist Mountain Formation overlies the Morrissey Formation and bears coal seams with 
economic potential (Kim, 1976). Locally this formation can be subdivided, from bottom to top, 
into the Adanac, Hillcrest and Mutz Members (Norris, 1959); regionally, these members are 
not recognized. The Mist Mountain Formation is comprised primarily of dark-grey siltstone, 
with lesser sandstone, mudstone, shale and local conglomerate interbeds (Gibson, 1985). Coal 
seams in the Mist Mountain Formation vary in thickness and can be up to 18 m thick; they 
range from bituminous in the south to semi-anthracite in rank in the north (Smith et. al, 1994). 
Progressive south to north changes in depositional environments cause the Mist Mountain 
Formation to grade into the contemporaneous but mainly coal-barren Nikanassin Formation 
to the north of Clearwater River (~latitude 52°). 


e The Elk Formation overlies the Mist Mountain Formation and is comprised of interbedded 
sandstone, siltstone, mudstone, shale and chert-pebble conglomerate; however, it is absent in 
the Crowsnest Pass area (Gibson, 1985), 


The Early Cretaceous Blairmore Group overlies the Kootenay Group and is divided into four formations: 
from bottom to top, the Cadomin, Gladstone, Beaver Mines, and Ma Butte Formations (Gibson, 1985). 


e The Cadomin Formation disconformably overlies the Mist Mountain Formation in the 
Crowsnest area and is comprised of a resistant pebble conglomerate with local quartzose 
sandstone interbeds. This unit is ridge-forming and is a marker unit for the coal-bearing 
Kootenay Group immediately below. At Chinook South, this unit forms the Willoughby Ridge 
and has a typical thickness of 10 to 30 m. 


. The Gladstone Formation is divided into two main lithologies, an interbedded mudstone and 
sandstone and a dark-grey, argillaceous limestone with fossiliferous, calcareous shale, 


e The Beaver Mines Formation is characterized by interbedded mudstone and very-fine-grained 
sandstone, with prominent interbedded coarser sandstone with a sharp base that fines 
upwards. 


e The Ma Butte Formation is primarily comprised of mudstone and very-fine-grained sandstone 
with lesser interbedded coarser sandstone and common tuffaceous mudstones in the upper 
part of the formation. The Ma Butte Formation grades into the Crowsnest Formation, 


The Late Cretaceous Crowsnest Formation overlies the Blairmore Group and is characterized by bedded 
pyroclastic and epiclastic deposits consisting of agglomerates, tuffs and volcanic sandstones with minor 
flows and dikes (Pearce, 1969). Common minerals found in the formation include sanidine, melanite 
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garnet, aegirine-augite and analcime (Adair and Burwash, 1994). The Crowsnest Formation has a 
maximum thickness of 426 m. 


6.2 STRUCTURAL GEOLOGY 


Stratigraphy in the Crowsnest Pass area has been subjected to first and second order faulting, as well as 
complex folding. The major faults, the Coleman, Isolation and McConnell thrusts, trend north and dip to 
the west at 08°; they displace the stratigraphy approximately 9.5 to 10 km eastward. They have resulted 
in the repetition of the Mist Mountain Formation, thickening of coal seams and coal being brought to 
depths favorable for modern mining methods. This faulting has also complicated the coal geology 
through shearing and increased ash content and oxidation. Major folds, including the Crowsnest Syncline 
and Allison Anticline, the Bellevue Syncline and Anticline and the Turtle Mountain Anticline (Rushton et 
al., 1972), also trend north. Secondary local thrusts trend north, and occur within each thrust sheet, 
resulting in local structure units or packages affecting coal seam thickness and occurrence (Table 6-1). 


Table 6-1 Summary of Thrust Faults 


Regional Thrusts Faults dagi Local Thrusts Faults 


Mutz Thrust 


McConnell Thrust McConnell Thrust Sheet Twin Ridge Thrust 


Isolation Thrust Isolation Thrust Sheet Hidden Creek 


Vicary 
Racehorse 
Rim 
McGillivray 


Coleman Thrust Coleman Thrust Sheet 


The Coleman Thrust cuts through the middle of the Mist Mountain Formation and acts as a basal surface 
to the Chinook Project geological model, as no significant resources are believed to exist below the 
Coleman Thrust. 


Chinook South 


Local thickening occurs in the York Creek area by thrust faulting, resulting in zones of 
uncharacteristically thick coal seams as well as zones of uncharacteristically thin coal seams. At Chinook 
South several secondary thrust faults occur west of, and associated with, the basal Coleman Thrust. In 
general, the thrusts dip at higher angles than the coal seams, but locally cut along and parallel to the coal 
seams. Only one secondary thrust fault at Chinook South was modelled in the 2020 Resource Estimate 
due to limited available downhole data. The regional strike at Chinook South is approximately 0 degrees 
and strata dip to the west at 30 to 35 degrees (Norwest, 2005). 


Chinook Vicary 


Several secondary thrust faults exist at Chinook Vicary with the area being more structurally complex 
than Chinook South. North of the McGillivray Mine, the Vicary thrust splays off the main Coleman Thrust 
causing a small repeat of the Cadomin Formation. In the area around the historical Vicary Mine, surface 
mapping indicates complex surface geology with a series of splay faults and a slip fault with large 
deformed blocks of Cadomin and Mist Mountain formation. The underground mine plans show coal seam 
$2 to be relatively planar, offset by a series of splay thrusts, so it is believed the surface deformation is a 
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result of near surface slip faulting (Smith, 1991). Multiple splay faults continue north of the historical 
Vicary Mine towards the Project boundary where drillhole data is limited. 
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Appendix F. Biotic Communities of the Oldman River Watershed 
Biotic Properties and Ecological Classification 


Variation in elevation (Figure 12), aspect (Figure 12), and climate (Figure 15-Figure 16) of the ORW creates 
significant spatial variation in soils and plant community structure. The resultant gradient in plant community 
structure is the basis for distinguishing the 7 different natural subregions that comprise the ORW (Figure 133). 


Whereas the composition of the lower regions of the ORW have been transformed considerably in the past 
century by agriculture, the ORW headwaters remain largely intact in terms of their natural plant communities (see 
Appendix Figures, including Figure 139, Figure 134-Figure 138). Natural plant communities play an important role 
in holding and releasing water for surface and subsurface flow and as such it is important that these remaining 
communities be conserved — particularly in the basin headwaters. The current distribution of wetlands, deciduous 


forest, mixed forest, conifer forest, and grasslands are mapped and presented in the Appendices (Figure 134- 
Figure 138). 
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Figure 133. Natural subregions of the ORW. 
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Figure 135. Distribution of Deciduous Forests in the ORW. Source: Alces Online and ABMI (2018). 
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Figure 137. Distribution of Conifer Forests in the ORW. Source: Alces Online and ABMI (2018). 
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Figure 138. Distribution of remaining grassland in the ORW. Source: Alces Online and ABMI (2018). 
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Figure 139. Remaining Core Area of Natural Habitat within the ORW. Source: Alces Online and ABMI 2019. 
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Appendix G. The Importance of Reference Conditions when discussing Coal Mining and 
Water Quality 


Water quality is the most deeply felt issue in the current conversation of coal mining in the ORW. Given the global 

literature detailing how coal mining affects water quality and quantity?”’, the anxiety of ORW residents is justified. 

The science tying coal mining to changes in water quality is large (see Clean Air Task Force (2001) and ), and ranges 
across impacts from heavy metals, selenium, PAH, sediment, biodiversity, ecosystem function...... 


Key to any science-based approach to the coal/water quality nexus, is determining proper reference conditions of 
water quality in the ORW headwaters. Basically, watershed scientists are trying to get at the answer to the 
question “In a pre-European era, what was the spatial and temporal variation in the attributes that define water 
quality, whether they be metals, organics, sediment, turbidity, alkalinity, pH, dissolved oxygen, or any other 
element that affects ecosystem function or humans and their land use”. As one can imagine, this is no easy task, 
and one that would have been best conducted 200 years ago when our waters reflected entirely the natural 
dynamics (climate (floods, droughts), fires, plant community succession, landslides) that created the variation in 
water quality and quantity that would have been witnessed by First Nation communities for thousands of years 
before the arrival of European lands uses. 


Unlike the lower portions of the ORW, the headwaters have minimal land use and are comparatively pristine. That 
is not to say, however, that the water yielded by these headwaters is chemically “pure” — far from it. Surface and 
subsurface water is the product of the geology through which it flows, and the “natural” geology of the ORW is 
one that contains a diverse collection of metals, minerals, and organics, many of which can be toxic, or cause 
adverse effects, if their concentrations are high. With each passing decade, the ability of water quality laboratories 
become better in their ability to detect water constituents. Ultra-clean labs can now detect some water 
constituents at remarkably low concentrations (parts per trillion). 


The challenge for the ORW residents is to gain a good empirical understanding of the “Range of Natural Variability 
(RNV)” of water chemistry, aquatic invertebrates, and wetlands, that collectively maintain ecosystem function and 
the utility of this water consumed by downstream water users. Learning that selenium, lead, or arsenic is dissolved 
within the water of the ORW headwaters is not in of itself a reason for alarm — for it would be alarming if they 
were not there. What would be cause for great concern, however, is whether coal mining (or other land uses) was 
to result in a significant change in these key elements that would change the ORW water from its RNV condition 
and constitute a risk to residents, land-use, or ecosystem function. And to get at this key question, we need good 
reference data. And finding these reference sites is increasingly difficult. 


It would have been ideal if the government of Alberta had established a robust network of “protected” reference 
water sampling sites that were systematically monitored to help Albertans understand water RNV and how it 
compares to water on our “working” landscape. Sadly, this has not been the case. Our current system of water 
sampling in the ORW (and elsewhere in Alberta) is generally of low sampling intensity (poor statistical power), 
incomplete in geographical distribution and the water constituents it measures, poorly funded, and ineffectively 
conveyed to Albertans who depend on this knowledge. 


So in the context of this current discussion of coal mining, it is important to get an empirical understanding of the 
reference condition of water, and to compare those conditions to simulated or measured changes in water caused 
by any new coal mining that may occur in the ORW. Without proper reference water data, it becomes impossible 
to know how coal mining is changing the physical and chemical properties of ORW water. Designing an optimal set 
of water quality reference sites will require understanding the history of coal mining in the region, and that is why 
there is a section in this report identifying heritage coal mining sites. Ideally, the streams that drain these heritage 
coal mines would not be considered as candidates for RNV references sites but would be important monitoring 
sites to see if they differ from reference water sites. 


The residents of the ORW headwaters recognize the importance of sampling water before any new coal mining 
proceeds and are engaging academic and conservation organizations to assist in this regard. Community-based 
water monitoring (CBWM) is now an active discussion within ORW residents, who are actively exploring how best 
to sample water quality and aquatic invertebrate communities in the ORW headwaters. Monitoring protocols such 


as CABIN?®, and the Living Lakes Canada?’ initiative are currently being explored. 
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Although a historical systematic monitoring program for water quality and aquatic invertebrates does not exist for 
the ORW headwater basins, there does exist invaluable information collected by periodic Alberta Fish and Wildlife 

sampling of headwater streams in the 1970s and 1980s. Examples include field research projects examining water 

quality, fish habitat, and fish populations by Duane Radford, Lorne Fitch, and colleagues. These reports do not exist 
in digital form but copies do exist in regional Alberta Fish and Wildlife offices. Key reports include: 


e Radford, Duane, 1977. A Report on Biological inventories of 17 streams in the Livingstone Drainage district of 
Alberta. Alberta Fish and Wildlife Division 


e Fitch, Lorne, 1978. A report on biological inventories of 11 streams in the Crowsnest drainage district of 
Alberta. Alberta Fish and Wildlife Division 

e Fitch, Lorne, 1979. Castle drainage district stream inventory reports. Alberta Fish and Wildlife Division. 

e Fitch, Lorne 1980. The effects of channelization on fish and fish habitat in Racehorse Creek, Alberta. Alberta 
Fish and Wildlife Division 





These reports can help inform discussions about fish habitat and fish populations in drainages receiving previous 
coal mining, in drainages that have no historical coal mining activity (potential reference systems), and in drainages 
which proposed new coal mines exist. This type of information can assist scientists in selection of those sampling 
sites that optimize sampling effort relative to control and treatment sites. 
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Figure 140. Examples of the types of physical, biotic, and water chemistry indicators collected in these headwater systems in the 
1980s. 
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Appendix H. Water Demand for Coal Mining 


Water is required in the extraction, processing, and combustion phases of coal mining?®®. For this project, it is the 
extraction and processing water demand that is relevant, as the combustion phase water requirements will occur 
at destination markets where coal is turned into coke for steel production. There is considerable regional and 
global variation in the water use intensity of coal mining (m?/tonne of coal) but values generally average about 
0.25 m?/tonne for extraction and about 0.25 m?/tonne for processing (cleaning)??? (Figure 141). Water demand 
intensity is generally much higher in developing countries than in developed countries. For the purposes of this 
study we used a total gross water use coefficient of 0.204 m?/tonne of clean coal, based on published information 
from Grassy Mine. Most published estimates of water use are higher (Figure 141). As such, our project is based on 
optimistic and low water use metrics as stated by the coal sector. In this sense, our results should be considered as 
conservative estimates of potential water use. 
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Figure 141. Comparison of water consumption rates for coal mining (above) and coal washing operations (below). Source: E. 


Olson, 2015. Water Use in China’s Coal industry. https://www.diva-portal.org/smash/get/diva2:816658/FULLTEXTO2. pdf 
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Appendix |. Sub-Basins of the ORW 


The major (Figure 142) and minor (Figure 143) sub-watersheds of the ORW are shown below. 
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Figure 143. HUC 10 watersheds of the ORW. Source: Alces Online. 
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